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Description 

The present invention relates to therapeutically active azacyclic or azabicyclic compounds, a method of preparing 
the same and to compositions tor pharmaceutical or veterinary use comprising the compounds with a carrier. The noveJ 
s compounds are useful as stimulants of the cognitive function of the forebrain and hippocampus of mammals and es- 
pecially in the treatment of Alzheimer's disease. 

Due to the generally improved health situation in the western world, elderly-related diseases are much more com- 
mon now than in the past and are likely to be even more common ri Ihe future. 

One of the elderty-related symptoms is a reduction of the cognitive functions. This symptom is especially pro- 
10 nounced in the pathophysiological disease known as Alzheimer's disease. This disease is combined with, and also 
most likely caused by, an up to 90% degeneration of the muscarinic cholinergic neurons in nucleus basalis, which is 
part of substantia innominata. These neurons projecl to the prefrontal cortex and hippocampus and have a general 
stimulatory effect on the cognitive functions of the forebrain as well as of hippocampus, namely learning, association, 
consolidation, and recognition. 

15 It is a characteristic of Alzheimer's disease that although the cholinergic neurons degenerate, the postsynaptic 

muscarinic receptors in the forebrain and hippocampus still exist. Therefore, muscarinic cholinergic agonists are useful 
in the treatment of Alzheimer's disease, in halting its progression, and in improving the cognitive functions of elderly 
people. 

The compounds of this invention are aJso useful analgesic agents and therefore are useful in the treatment of 
20 severely painful conditions. 

Furthermore, the compounds of this invention are useful in the treatment of glaucoma, psychosis, mania, bipolar 
disorder, schizophrenia or schizophreniform conditions, depression, sleeping disorders, epilepsy, cerebral ischemia, 
and gastrointestinal motility disorders. 

It is an object of the invention to provide new muscarinic cholinergic compounds. 
25 The' novel compounds of the invention are heterocyclic compounds having the formula I* 



30 



35 



40 



45 



G— (CH 2 ) r -W, 



50 




<I') 

wherein 

W is oxygen or sulphur; 

R is hydrogen, amino, halogen, NHR 6 , NRSR 7 , R 4 , -OR 4 , -SR 4 -SOR 4 , -SO^, C 3 - 10 -cycloalkyl, C 4 -C 12 - (cycloalky- 
lalkyl) -Z-C 3 - 10 -cycloalkyl and -Z-C 4 - 12 -(cycloalkylalkyl) wherein R 4 is C^^-alkyl, C 2 - 15 -alkenyl, C 2 - 15 -alkynyl, each 
of which is optionally substituted with one or more hatogen(s), -CF 3 , -CN, Y, phenyl or phenoxy wherein phenyl or 
phenoxy is optionally substituted with halogen, -CN, C 1 - 4 -alkyl, C^-alkoxy, -OCF 3 , -CF 3 , -CONH 2 or -CSNH 2 ; or 
R is phenyl or benzyloxycarbonyl, each of which is optionally substituted with halogen, -CN, C^alkyl, C^-alkoxy, 
-OCF 3 , -CF 3 , -CONhtj or -CSNH 2 ; or 

R is -ORSY, -SR 5 Y, OR 5 -Z-Y, -SR 5 ZY, -O-RS-Z-R 4 or -S-R 5 -Z-R 4 wherein Z is oxygen or sulphur, R 5 is C^^-alkyl, 
C 2 _ l6 -alkenyl, C 2 _ 16 -alkynyl and Y is a 5 or 6 membered heterocyclic group; and 
G is selected from one of the following azacyclic or azabicyclic ring systems: 



55 



2 



EP 0 709 381 A1 




. O 
R Jl 



ii#t-l hot -2 h*t-3 
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or G can optionally be substituted C 3 -C 8 cycloalkyl or optionally substituted C 1 _ 6 -alkyl wherein the substitution is 
-NR 6 R 7 ; 

R 6 and R 7 independently are hydrogen : C^-alkyl; or R 6 and R 7 together with the nitrogen atom optionally form 
a 4- to 6-member ring; 

R 1 and R 2 independently are hydrogea C ri5 -alkyl, C 2 _ 5 -alkenyl, C 2 _ s -aJkynyl, C^Q-alkoxy, C t _ 5 -a!kyl substituted 

with -OH, -COR* CH 2 -OH, halogen, -NH 2 , carboxy, or phenyl; 

R 3 is hydrogen, C^-alkyl, C^-alkenyl or Cg^-alkynyl; 

n is 0, 1 or 2; 

m is 0, 1 or 2; 

p is 0, 1 or 2; 

q is 1 or 2; 

r is 0, 1 or 2; 

is a single or double bond; 

provided that when W is oxygen and G is aJkyl, R is selected from the group consisting of hydrogen, amino, NHR£, 
NR 6 R 7 R 4 -OR 4 , -SR 4 -SOR 4 , -S0 2 R 4 C3_ 10 -cycloalkyl, 0^ 2 - (cycloalkylalkyf), -Z-C3_ 10 -cycloalkyl and -Z- 
C 4 _ 12 -(cycloalkylalkyl), phenyl or benzyloxycarbonyl, each of which is optionally substituted with halogen, -CN, 
C^-alkyl, C-^-alkyl, -OCF 3 , -CF 3 . -CONH 2 or -CSNH 2 ; or R is -OR 5 Y, -SR 5 ^ OR 5 -Z-Y, -SR 5 ZY, -0-R 5 -Z-R 4 or 
-S-R 5 -Z-R 4 wherein Z is oxygen or sulphur. R 5 is C^^-alkyl, C 2 _ 15 -alkenyl, C 2 _ 15 -alkyl; or 
a pharmaceutical ly acceptable salt or solvate thereof. 

The invention also relates to methods of preparing the above mentioned compounds, comprising reacting a com- 
pound of formula III 



wherein P is R 9 S0 2 or halogen; R 9 is C^q alkyl or aryl; and R has the meaning defined above; with G-(CH 2 ) r -W-h + 
wherein h + is an aJkoxide metal, G, W and r have the meanings defined above. 

A further aspect of this invention provides novel compounds of formula IV and a process for preparing compounds 
of the formula IV 




P 



R 



(III) 



BP 0 709 381 A1 



5 



NR 15 R 16 R 




N 



10 



IV 



comprising reacting a compound of the formula III wherein P is CI 
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with R B N[(R ,0 R 11 R 12 Si) (R 13 R 14 R 15 Si) wherein R has the meaning defined supra. R 8 is Li, Na : or K; Si means silyl; 
R 10 ,R 11 , R 12 , R 13 , R 14 and R 15 ' are independently selected from the group consisting of (C,-C 6 )-alkyl, aryl, and aryl 
(C r C3)aIkyl; R 1S and R 16 are independently selected from the group consisting of hydrogen, R 10 R 11 R l2 Si, and 
Ri3Ri4Ri5'sj. R is selected from the group consisting of hydrogen, amino, halogen, NHR 6 , NF^R 7 R 4 , -OR 4 , -SR 4 , 
-SOR 4 , -SO^, C^o-cyctoalkyl, C^ 12 - (cycloalkylalkyl), -Z-C^o^cycloalkyl and -Z-C^- (cycloalkytalkyl) 
wherein R 4 is C^^-alkyl, C 2 _ 16 -alkenyl : C 2 _ 15 -alkynyl, each of which is optionally substituted with one or more 
haiogen(s), -CF^ -CN, Y, phenyl or phenoxy wherein phenyl or phenoxy is optionally substituted with halogen, -CN, 
C^-alkyt C^-akoxy, -OCF 3 . -CF 3 , -CONH 2 or -CSNH 2 ; or 

R is phenyl or benzyloxycarbonyl, each of which is optionally substituted with halogen, -CN, C, - 4 -al kyl, C^-alkoxy, 
-OCF^ -CF 3 , -CONH 2 or -CSNhL,; or 

R is -OR s Y, -SR 5 Y OR 5 -Z-Y, -SR 5 ZY, -O-RS-Z-R 4 or -S-RS-Z-R 4 wherein Z is oxygen or sulphur, RS is C,_ 15 -alkyl, 
C 2 _ 15 -alkenyl, C 2 _ 15 -alkylnyl and Y is a 5 or 6 membered heterocyclic group; 

provided that when R is hydrogen, amine, or halogen, R 16 shall be selected from the group consisting of 
(R^R^R^Si) and (R 13 R 14 R 15 'Si). 

Finally, compounds of formula V are provided by the present invention; 



wherein W is selected from the group consisting of O, S and SO2; 

R 17 is selected from the group consisting of a,-C 6 alkyl, aryl, R 1 9 substituted alkyL and R 19 substituted aryl; R 19 
is selected from the group consisting of straight or branched C r C 5 alkyl, straight or branched C 2 -C 6 alkenyl, 
halogen, halogen(C r C 6 )alkyl, halogen(C 2 -C 6 )alkenyl, COR 20 , C 2 -C 10 alkanoyl, CO^ 20 (C r C 6 alkyl) 2 amino, 
N0 2 , SR 20 , OR 20 , C 3 -C B cycloaikyl, C 3 -C e cycloaJkyl-(C 1 -C 3 )alkyl, C 5 -C 8 cycfoalkenyl, substituted C 5 -C 8 cycloalke- 
nyl, C 5 -C 8 cycloalkenyl-CC^Cs^lkyl, and C 7 -C 16 arylalkyl; R 20 is independently selected from the group consisting 
ol hydrogen, and C t -C 4 alkyl; wherein the R 19 substituent may be attached at any available carbon atom: 
R^isFP^SOg, CI, Br or I; 

provided that when W is 0; and R is -C 5 alkyl or aryl; then R 1B is selected from R^SO^ Br and I; or a pharma- 
ceutical ly acceptable salt or solvate thereof. 

It is to be understood that the invention extends to each of the slereoisomeric forms of the compounds of the 
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present invention as well as the pure diastereomeric, pure enatiomeric, and racemtc forms of the compounds of this 
invention. 

The invention further relates to a process for preparing the intermediates of Formulas II 
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or III supra., comprising reacting (CN) 2 with R^-S-H or G(CH 2 ) f -W-H wherein P, R 4 . G, r, and W have the meaning 
defined above and 

which formed compound is subsequently reacted with SgC^ to form a compound of formula II or III. 

As used herein the term 'treating" includes prophylaxis of a physical and/or mental condition or amelioration or 
elimination of the developed physical and/or mental condition once it has been established or alleviation of the char- 
acteristic symptoms of such condition. 

As used herein with reference totheG substituent, the -(CH 2 ) r -W-thiadtazole moiety can be attached at any carbon 
atom of the azacyclic or azabicyclic ring. Further, R 1 and R 2 of the G substituent may be present at any position, 
including the point of attachment of the -(CH 2 ) r -W-thiadiazole moiety. 

As used herein with reference to the G substituent , the phrase "F^and R 7 together with the nitrogen atom optionally 
form a 4- to 6-mernber ring" means that R 6 and R 7 are each independently hydrogen, C^-Cg alkyl wherein the R 6 and 
R 7 groups may optionally join to form a 4- to 6-m ember ring including the nitrogen. For example, optionally joined 
groups include, but are not limited to: 

, and 

35 

As used herein the phrase "interacting with a muscarinic cholinergic receptor" shall include compounds which 
block muscarinic cholinergic receptors or modulate such receptors. The phrase shall include the effect observed when 
compounds act as agonists, partial agonists and/or antagonists at a muscarinic cholinergic receptor. 

As used herein, the term "alkoxide metal" means a metal suitable for alkoxide formation. Such alkoxide metals 
40 include, but are not limited to, Li + , K+ Na + , Cs\ and Ca^. Especially preferred alkoxide metals include Lr\ K+ and Na + . 

As used herein, the term "halogen" means CI. Br, F, and 1. Especially preferred halogens include CI, Br, and I. 

As used herein the phrase "one or more selected from" shall more preferredly refer to from 1-3 substituents. The 
term shall further preferredly refer to from 1-2 substituents. 

The terms "C-j-C^ alkyl" wherein n'can be from 2 through 15, as used herein, represent a branched or linear alkyl 
45 group having from one to the specified number of carbon atoms. Typical C r C 6 alkyl groups include, but are not limited 
to, methyl, ethyl, n-propyl. iso-propyl, butyl, aso-butyl. sec-butyl, fert-butyl, pentyL hexyl and the like. 

The terms "C 2 -C n . alkenyl 0 wherein n' can be from 3 through 10, as used herein, represents an olefinically unsatu- 
rated branched or linear group having from 2 to the specified number of carbon atoms and at least one double bond. 
Examples of such groups include, but are not limited to, 1-propenyl, 2-propenyl (-CH 2 -CH=CH 2 ), 1 : 3-butadienyl, (- 
50 CH=CHCH=CH 2 ), 1 -butenyl (-CH=CHCH 2 CH 3 ), hexenyl penlenyl, and the like. 

The term *C 2 -C S alkynyl" refers to an unsaturated branched or linear group having from 2 to 5 carbon atoms and 
at least one triple bond. Examples of such groups include, but are not limited to, 1 -propynyl, 2-propynyl, 1 -butynyl, 
2-butynyl, 1-pentynyl, and the like. 

The terms "halogen^ -C^alkyl" and "halogen(C 2 -C 6 )alkenyl" refer to alkyl or alkenyl substituents having one or 
55 more independently selected halogen atoms attached at one or more available carbon atoms. These terms include, 
but are not limited to, chloromethy I, 1 -bromoethyl, 2-bromoelhyl, 1,1,1-trifluoroethyl, 1 ,1 ,2-trrfluoroethyl, 1,2,2-trifluor- 
oethyl, 2,2,2-trifluoroethyl, trifluoromethyl, trifluoroethylenyl, 3-bromopropyl, 3-bromo-1 -propenyL 2-bromopropyl, 
2-bromo- 1-propenyl, 3-chlorobutyl, 3-chloro-2 -butenyl, 2,3-dichlorobutyl, 1 -chloroethylenyt 2-chloroethylenyl : 
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S-fluoro-3-pentenyl, 3-chloro-2-bromo-5-hexeny1, 3-chloro-2-bromobutyl, trichloromethyl, 1,1-dichloroethyl, 1,2-dichlo- 
roethyl, 2,2-dichtoroethyl, 1,4-dtehlorobutyl, 3-bromopenlyi, 1,3-dtchtorobutyl, 1 , 1 -dichloropropyl, and the like. 

The term 'C 2 -C 10 alkanoyl" represents a group of the formula C (O) -C 9 ) alkyl. Typical C 2 -C 10 alkanoyl groups 
include acetyl, propanoyl, butanoyl, and the like. 

The term "(C^Cg alkyl) amino" refers to a monoalkylamino group. Examples of such groups are methyJamino, 
ethylamino, *so-propylamino : r>propylamino, (n-propyl)amBno, (/so-propyljamino, n-propylamino, f-butylamino, and the 
like. 

The term *C 3 -C n cycloalkyl" wherein n=4-8, represents cyclopropyl, cyctobutyl, cyclopentyl, cyclohexyl, cyclohep- 
tyl, and cyclooctyl. 

The term 0 substituted(C 5 -C n .) cycloalkyl" refers to a cycloaikyl group as described supra wherein the cycloalkyl 
group may be substituted with from one to four substituents independently selected from the group consisting of hy- 
drogen. G,-C 6 alkyl, N0 2 , halogen, halogen (C r C 6 )a I kyl, halogen(C 2 -C 6 )alkenyf, C 2 -C 6 alkenyl, CC^R 20 , (C r C 6 alkyl) 
amino, -SR 20 , and OR 20 ; wherein R 20 is selected from the group consisting of - 15 -alky I, C 2 _ 15 -alkenyl, C2_t s -alkenyl 

The term "C 3 -C 8 cycloalkyl-(C 1 -C 3 )alkyr represents an alkyl group substituted at a terminal carbon with a Cj-Cg 
cycloalkyl group. Typical cycloalkylalkyl groups include cyclohexylelhyl, cyclohexylmethyl, 3-cyclopenlyl propyl, and 
the like. 

The term m C s -C a cyctoalkenyr represents an oletinically unsaturated ring having five to eight carbon atoms. Such 
groups include, but are not limited to, cyclohexyl- 1 ,3-dieny I. cyclohexenyl, cyclopentenyl, cycloheptenyl, cyclooctenyl, 
cyclohexyl-1,4-dienyl, cycloheptyl-1,4-dienyl, cyclooctyl-1 ,3,5-trienyl and the like. 

The term "substituted (Cs-Cg) cyctoalkenyr refers to a cycloalkenyl group as described supra, wherein the cy- 
cloalkenyl group may be substituted with from one to four substituents independently selected from the group consisting 
of hydrogen, C r C e alkyl, N0 2 , halogen, halogen(C rCeJalkyl, halogentC^-CeJalkenyl, C 2 -C 6 alkenyl, COR 20 C 2 -C 10 
alkanoyl, Ct-C 16 arylalkyl, COgR 20 , {C V C G alkyl) amino, -SR 20 , and -OR 20 ; wherein R 20 is selected from the group 
consisting of C 1 _ 15 -alkyl, C 2 _ 15 -alkenyl, and C 2 _ 15 -alkynyl. 

The term "C 5 -C 8 cycloalkenyHCT -C 3 )alkyr represents a C r C 3 alkyl group substituted at a terminal carbon with 
a C 5 -C 8 cycloalkenyl group. 

As used herein, the phrase "5 or 6 membered heterocyclic group" means a group containing from one to four N, 
O or S atom(s) or a combination thereof, which heterocyclic group is optionally substituted at carbon or nitrogen atom 
(s) with C^g-alkyl, -CF 3 , phenyl, benzyl or thienyl, or a carbon atom in the heterocyclic group together with an oxygen 
atom form a carbonyl group, or which heterocyclic group is optionally lused with a phenyl group. The phrase "5 or 6 
membered heterocyclic group" includes, but is not limited to, 5-membered heterocycles having one hetero atom {e.g. 
thiophenes, pyrroles, furans); 5-membered heterocycles having two heteroatoms in 1 ,2 or 1 ,3 positions (e.g. oxazoles, 
pyrazoles, imidazoles, thiazoles, purines); 5-membered heterocycles having three heteroatoms (e.g. triazoles, thiadi- 
azoles); 5-membered heterocycles having 3-heteroatoms; 6-membered heterocycles with one heteroatom (e.g. pyri- 
dine, quinoline, isoquinoltne, phenanthrine, 5,6-cycloheptenopyridine); 6-membered heterocycles with two heter- 
oatoms (e.g. pyridazines ; c'mnolines, phthalazines, pyrazines, pyrimtdines, quinazoiines); 6-membered heterocycles 
with three heteroatoms (e.g. 1,3,5-triazine); and 6-member heterocycles with four heteroatoms. Particularly preferred 
are thiophenes, pyridines, and furans. 

As used herein the term "carboxy" refers to a substituent having the common meaning understood by the skilled 
artisan, wherein the point of attachment may be through the carbon or oxygen atom of the group. 

As used herein the term "aryT means an organic radical derived from an aromatic hydrocarbon by the removal of 
one atom; e.g., phenyl ornaphthyl. Most preferably, aryl refers to C 6 -C 10 aryl, wherein the aryl ring system, including 
any alkyl substitutions, comprises from 6 to 10 carbon atoms; e.g. : phenyl, 3,3-dimethylphenyl, naphthyl, and the like. 
The aryl radical may be substituted by one or two C,-C s straight or branched alkyl. The term 'aryKC, -C 3 )a!kyl" refers 
to any aryl group which is attached to the parent moiety via the alkyl group. 

As used herein the term n phosphorous(lll) compound' has the art accepted meaning of the term. For example, 
the term includes, but is in noway limited to, triphenylphosphine, tri(p-toluyl) phosphine, tributyl phosphine, tri(p-dimeth- 
ylaminiophenyl) phosphine, triethyl phosphine, and trimethyl phosphine. The artisan can choose other appropriate 
phosphorous(lll) compounds using methods and literature references which are commonly available to the chemist 
artisan. 

As used herein the term "diester of azodicarboxylate" has the art accepted meaning of the term. For example, the 
term includes, but is in no way limited to diethylazodicarboxylate, dimethyfazodicarboxylate, diisopropylazodicarbox- 
ylate, and ditertbutylazodicarboxy late. The skilled chemist can determine other appropriate diesters of azodicarboxylate 
using methods and literature readily available to the chemist artisan. 

Examples of pharmaceutical^ acceptable salts include inorganic and organic acid addition salts such as hydro- 
chloride, hydrobromide, sulphate, phosphate, acetate, fumarate, maleate, citrate, lactate, tartrate, oxalate, or similar 
pharmaceutically-acceptable inorganic or organic acid addition salts, and include the pharmaceutically acceptable salts 
listed in Journal of Pharmaceutical Science . 66, 2 (1977) which are known to the skilled artisan. The compounds of 



6 



EP0 709 381 A1 

this invention may form solvates with standard tow molecular weight solvents using methods known to the skilled 
artisan. 

The compounds of this invention can be prepared using the chemical processes illustrated in Scheme I . The starting 
materials for rhe illustrated process are commercially available or may be prepared using methods known to the skilled 
5 artisan. 




As used in Scheme I, R, h + , and G are as defined supra. As used in Scheme I, the term "Har refers to CI, Br, and 
R & S0 2 . Preferred oxidizing agents for the process of Scheme I include oxone and sodium periodate. Oxone is an 
especiaJly preferred oxidizing agent for the process of Scheme I. Compounds of Formula 3, as illustrated in Scheme 
I wherein the OR group is replaced by an R 4 group, can be prepared using methods well known in the art. See for 
example, U.S. Patent Number 5,043,345. 

Further, compounds of Formula I may be prepared using the process illustrated in the following Scheme II 
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Scheme D 
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_££2J ^ 

2.RX 

(especially desired QfCHawW 
ifPisCl;WisO; 
risO) 



h*QR 



SR* 



oxidize 



0(CM 5 



I 



As used in Scheme II, Q may be N, O or S; R 24 is selected from the group consisting of hydrogen, R 4 , R 5 , R 6 , and 
R 7 ; R 25 is selected from the group consisting of SOR 4 and S0 2 R 4 ; all other meanings are as defined supra. 
Additional compounds of Formula I may be prepared using the process illustrated by Scheme III. 
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As used in Scheme III, Hal, W : r, and G are as defined supra. As used in Scheme III, R 22 and R 23 are independently 
selected from the group consisting of hydrogen, R 6 and R 7 . 

Certain intermediates of the present invention may be prepared using the process illustrated in Scheme IV 

Scheme IV 



so 



R , N(R , ^ l, R rt SiW ,3 R ,4 R ,r Si) 



10 



1. HCI 

2. Nitroute 

Cu(Br.D 



U 



ss 



As used in Scheme IV, R* Si, R^.R 11 , Ri2 s Ri3 i ru ris; rib and R16 are as defined supra. For example, R*N 
[(R 10 R 11 R 12 Si) (R l3 R 14 R 15 'Si) may be, but is not limited to lithium bis(tri-2-propylsilyl)amide, sodium bis(trimethylsilyl) 
amide, potassium bis(trimethylsilyl)amide, lithium bis(tri-2-propyteilyl)amide, sodium bis(ethyldimethylsi)yl)amide, po- 
tassium bis(1-propylethylmethylsilyl)amide, lithium bis(tri-phenylsilyl)amtde, sodium bis(tri-phenylmethylsilyl)amide, 
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potassium bis(2-butyl-2-propylmethylsityl)amide 1 lithium (tri-2-propylsilyl)(2-butyldiethylstlyl)amide, sodium (trimethyl- 
sityl)(trtphenylsilyl)amtde, potassium (dimethyl phenylsityl)(ethyldimethylsityl)amide, and the like. Most preferably, R 15 
and R 16 are each hydrogen when the process of Scheme III is used for preparing a compound of 11 from a compound 
of 10. The intermediate 10 may be nitrosated using standard nitrosating procedures. A preferred nitrosating agent is 
5 isoamyl nitrite; however, other known nitrosating agents are appropriate. As used in Scheme III, the term "Cu(Br,l)" 
refers to copper (I) bromide, copper (II) bromide, or copper (I) iodide. The artisan will recognize that the copper (I) 
bromide, copper (II) bromide, or copper (I) iodide reagent shall determine the substitution on the product of the process 
illustrated in Scheme III. 

Certain compounds of this invention may more preferably be prepared by a process using a hydroxyalkylamine 
io (G-OH) wherein G has the meaning defined supra, in the presence of a phosphorus(lll) compound and a diester of 
azodicarboxylale to give the 1 ,2 S 5-th iadiazoyloxyalky famine as illustrated by Scheme V. 

Scheme V 

H 

20 yH 

COjR* 

The G groups are as defined supra. The FTis selected from the group consisting of hydrogen, halogen. NRSR 7 , 
R 4 -OR 4 -SR 4 , -SOR 4 -S0 2 R4, C^^-cycloalkyl, 12 -(cycloalkylalkyl), -Z-C^Q-cycloalkyiand -Z-C^^-fcycloalky- 
lalkyl); 



2S 



30 



35 



40 



45 



50 



55 



R 4 is selected from the group consisting of C^g-alky!, C 2 --\ 5 -alkenyl, C 2 _ 15 -alkynyl, each of which is optionally 
substituted with one or more independently selected from the group consisting of halogen(s), -CF 3 , -CN, Y, phenyl 
and phenoxy wherein phenyl or phenoxy is optionally substituted with one or more independently selected from 
the group consisting of halogen , -CN, C^-alkyl, C^-alkoxy, -OCF 3 , or -CF 3 ; or 

R' is phenyl or benzyloxycarbonyl, each of which is optionally substituted with one or more independently selected 

from the group consisting of halogen, -CN, C^-alkyl, C^-alkoxy, -OCF 3 , and -CF 3 ; or 

R' selected from the group consisting of -OR 5 Y, -SR 5 Y, ORS-Z-Y, -SRSZY^-O-RS-Z-R 4 and -S-RS-Z-R 4 ; 

Z rs oxygen or sulphur; 

R 5 is selected from the group consisting of C^^-alkyl, C 2 _t 5 -a(kenyl, and C 2 _ 1s -alkynyl; 
Y is a 5 or 6 membered heterocyclic group; 

R 1 ' is selected from the group consisting of phenyl, C^s-alkyl, C 2 _ s -alkenyl, C 2 _ 5 -alkynyl and (NR 2 ') 3 ; 
R 2 ' and R 3 ' are independently selected from the group consisting of hydrogen, C,_ 15 -alkyl, C^-alkenyl, C 2 _s- 
alkynyl, and 0 1 _ s -alkyl substituted with one or more selected from the group consisting of halogen and phenyl; W 
is oxygen or sulphur; 

R 6 , and R 7 independently are C^-alkyl; or R 6 and R 7 together with the nitrogen atom optionally form a 4- to 
6-member ring; 

R 1 and R 2 are independently selected from hydrogen, Cj.^-alkyl, C 2 _ 5 -alkenyl, C 2 _ 5 -alkynyl, C^Q-alkoxy, and 
C-j_5-aJkyl substituted with one or more independently selected from the group consisting of -CORP', halogen, and 
phenyl; R 6 ' is hydrogen or C-, -C 3 alky I; 

R 3 is selected from the group consisting of C^-alkyl, C 2 _ 5 -alkenyl and C 2 _ 5 -alkynyl; 

n is 0, 1 or 2; 

m is 0. 1 or 2; 

p is 0, 1 or 2; 

q is 1 or 2; 

r is 0, 1 or 2; 

is a single or double bond- 
Preferred R1* groups include phenyl, C^g-alkyl, and (NR2*)3. The process of Scheme IV is particularly advanta- 
geous because the process provides a method for inverting the stereochemistry at the carbon bearing the hydroxyl 
group in G. 

Another new process illustrated by Scheme VI, involves the sequential reaction of 3,4-dihydroxy-1 ,2,5-thiadiazole 
with G-OH wherein G is defined as defined supra, in the presence of a phosphorous(NI) compounds and a diester of 
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10 



15 



20 



25 



30 



azoclicarboxylate to give an unisolated hydroxy- 1 , 2,5-th iadiazole ether I" followed by reaction of I" with R^OH where 
R 4 is defined as supra, with phosphorous(lll) compounds and a diester of azotiicarboxytate to give the diethers of 
3,4-dihydroxy-1,2.5-thiadiazole which are useful as muscarinic agonists and antagonists. (See, Org. Prep. & Proce- 
dures 1969, 1, 255-258) The substituents illustrated in Scheme VI are as defined supra. 



OH 



Scheme 

G OH 



VI 



I 



.COtR? 



.COaRr 



S 
CO f R» 



A 



RH>H 



,co,r* 



N 

CO,R* 



OH 



R*OH 



O OH 



-COxR' 



-A 



OR* 



■ 

COjfl» 

Alternatively, the order of addition of the atcohols may be reversed as shown above to give unisolated hydroxy- 
1 ,2,5-thiadiazole ether II which is subsequently converted to the same final muscarinic active compound. 

The process illustrated by Scheme VII encompases the reaction of a phenol orhydroxyheteroaryl compound with 
compound III in the presence of a phosphorus(IH) compound and a diester of azodicarboxylate to give compound IV. 



Aryl- 



-OH 



Scheme vix 



40 



50 



55 



GlCH,* * 



Heteroaryl- 



-OH 



m 



rCOjR* 

COjR* 



GfCHjV^ 



A 



TV 



OA/yl 

(OHetejouyl) 



In compound III, G(CH 2 ) r W is as defined supra, and R 6 ' is selected from the group consisting of R 7 , -OR 7 , -SR 7 , 
-SOR 7 , -SOgR 7 , C^Q-cydoalkyl, C^^-fCycloalkylalkyl), -Z-C3_ 10 -cyctoalkyl and -Z-C^^-fcycloalkylalkyl); 

R 7 is C 1 _ 15 -alkyl. C 2 _ 1 5-alkenyl, C 2 _ 1 5-alkynyl, each of which is optionally substituted with one or more independ- 
ently selected from the group consisting of halogen(s), -CF 3 , -CN, Y. phenyl and phenoxy; wherein phenyl or 
phenoxy is optionally substituted with one or more selected from the group consisting of halogen, -CN, C^-alkyl, 
C 1-4 -alkoxy, -OCF 3: and -CF3; 

provided that at least one alkyl atom of R 6 * is substituted with a hydroxyl group or R^is a substituent selected from 
the group consisting of -OR 8 Y. -SR*Y, OR 8 -Z-Y, -SR 8 ZY, -0-R 8 -Z-R 7 and -S-R 8 -Z-R 7 wherein each -OR 8 Y, -SR 8 Y, 
OR 8 -Z-Y, -SR 8 ZY, -0-R 8 -Z-R 7 and -S-RS-Z-R 7 is substituted with a alkylhydroxyl; 
Y is a 5 or 6 membered heterocyclic group; 
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Z is oxygen or sulphur; 

R B is C 1 - 15 -alkyl J C 2 _ 15 -alkenyl, C£_ 15 -alkynyl; aryl and heteroaryl is optionally substituted with one or more inde- 
pendently selected from the group consisting of halogen, -CN, C^-alkyl, C^-alkoxy, C^-alkylthio, C^-alkyl- 
sulfone, C^-alkylsulfoxide, -OCF 3> N0 2 , N(R 7 ) 2 , and -CF 3 ; heteroaryl group is a 5 or 6 membered heterocycle 
containing one to four N, O, or S atoms or a combination thereof. 



Another process of this invention, illustrated by Scheme VIII, is the synthesis of 3-hydroxy-4-alkylthio-1 ,2,5-thia- 
diazoles by treating 3-halo-4-alkylthio-1,2,5-thiadiazoles with aqueous alkaline metal hydroxides in the presence or 
absence of a dipolar aprotic solvent. In this scheme, Hal has the meanings defined supra, and M is an alkali metal, W 
is O or S. 

Scheme VIII 
MOH 





ikyi); 



H 2 0(opt) 
aprotic solvent 

WR' 

R R is hydrogen, R 4 C^Q-cycloalkyl, C4_ 12 -(cycloaIkylalkyl). R^Z-C^o^ycioalkyl and Fr*-Z-C 4 _ 12 -(cyclcalkyla- 

); 

R 4 is selected from the group consisting of C^g-atkyl, C 2 _ 15 -alkenyl, and C 2 _ 15 -alkynyl, each of which is optionally 
substituted with one or more independently selected from the group consisting of halogen(s), -CF 3 , Y, phenyl and 
phenoxy; wherein phenyl or phenoxy is optionally substituted with one or more selected from the group consisting 
ol halogen, C^-alkyl, C^-alkoxy, and -CF 3 ; or R R is phenyl or benzyloxycarbonyl, each of which is optionally 
substituted with one or more selected from the group consisting of halogen, CX^-alkyl, C 1-4 -alkoxy, and -CF3; or 
R R is R 4 -OR 5 Y t R 4 -SR5Y, R 4 -OR 5 -Z-Y, FH-SRSZY, F^-O-RS-Z-R 4 or F^-S-RS-Z-; 
Z is oxygen or sulphur; 

R 5 is selected from the group consisting of C^^-alkyl, C 2 _ 15 -alkenyl, and C 2 _ 15 -alkynyl; 
Y is a 5 or 6 membered heterocyclic group; and 

R 6 , and R 7 independently are hydrogen, C^g-alkyl, or R 6 and R 7 together with the nitrogen atom optionally form 
a 4-to 6-member ring; 

R 1 and R 2 independently are hydrogen, C.,_ 15 -alkyl C^-alkenyl, C2_ 5 -alkynyl, C^o-alkoxy, C^-alkyl substituted 
with -OH, -COR 6 ', CH 2 -OH, halogen, -NH^ carboxy, or phenyl; 
R 6 ' is hydrogen or C 1 -C 3 alkyl; 
WisOorS; 

Hal is selected from CI, Br, F, I, and if W is O then Hal may be SOgR 4 '; 
R 4 ' is C 1 -C 3 alkyl or phenyl. 



The compounds (11) are useful intermediates for the preparation of 1 ,2,5-thiadiazole compounds. The artisan will 
recognize that the intermediates 11 are useful for preparing 1,2, 5-th iadiazole compounds as illustrated by the processes 
of Schemes I, II, and III. 

When the G substituent contains a secondary nitrogen protected by a protecting group, the protecting group may 
be removed using standard methods known to the skilled artisan. An especially preferred protecting group is carbamate. 
One particularly useful reference concerning protecting groups is Greene, protecting Groups in Oroanic Synthesis. 
(John Wiley & Sons, New York, 1 981 ). " " ^ 

The concentration of the reactants is not critical. The art worker can alter the concentration of the reactants to 
achieve the desired rate ol reaction and proctuct yield. 

The length of time lor carrying out the processes described are not critical. As is always the case tn chemistry, the 
rate of the reaction depends on a variety of factors, such as the temperature and the exact compound which is to be 
prepared. The course of the reaction may be followed using methods such as thin layer chromatography (TLC), high 
performance liquid chromatography (HPLC), gas chromatography (GC) and nuclear magnetic resonance spectroscopy 
(NMR) to detect the degree of completion of the reaction. The operator may obtain maximum yields using the process 
by extending the reaction time. Alter nativery, the operator may wish to obtain maximum throughput by cutting off the 
reaction at the point at which it reaches an economical degree of completion. 

When the product of a step in the following process is an oil, it may be isolated by standard methods. Such methods 
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include distillation, flash chromatography, HPLC and the like. 

As used herein the term "malfunctioning of the muscarinic cholinergic system* shall have the meaning accepted 
by the skilled artisan. For example the term shall refer to, but is not in any way limited to, conditions such as glaucoma, 
psychosis, schizophrenia or schizophreniform conditions, depression, sleeping disorders, epilepsy, and gastrointestinal 
motility disorders. Other such conditions include Alzheimer's Disease and incontinence. 

The pharmacological properties of the compounds of the invention can be illustrated by determining their capability 
to inhibit the specific binding of ^-Oxotremorine-M ( 3 H-Oxo). Birdsdall N.J.M., Hulme EC, and Burgen A.S.V. (1980). 
"The Character of Muscarinic Receptors in Different Regions of the Rat Brain". Proc. Roy. Soc. London (Series B)207 : 1 . 

3 H-Oxo labels muscarinic receptor in the CNS (with a preference for agonist domains of the receptors). Three 
different sites are labeled by 3 H-Oxo. These sites have affinity of 1 .8, 20 and 3000 nM. respectively. Using the present 
experimental conditions only the high and medium affinity sites are determined. 

The inhibitory effects of compounds on 3 H-oxo binding reflects the affinity for muscarinic acetylcholine receptors. 

All preparations are performed at 0-4°C unless otherwise indicated Fresh cortex (0.1-1 g) from male Wistar rats 
(150-250 g) is homogenized for 5-10 seconds in 10 ml_ 20 nM Hepes pH: 7.4, with an Ultra-Turrax homogenizes The 
homogenizer is rinsed with 10 mL of buffer and the combined suspension centrifuged for 15 min. at 40,000 x g. The 
pellet is washed three times with buffer, in each step the pellet is homogenized as before in 2 x 10 mL of buffer and 
centrifuged for 10 min. at 40,000 x g. 

The final pellet is homogenized in 20 mM Hepes pH: 7.4 (100 mL per g of original tissue) and used for binding 
assay. Aliquots of 0.5 mL is added 25 uL of test solution and 25 jiL of 3 H-Oxotremorine (1.0 nM, final concentration) 
mixed and incubated for 30 mrn. at 25°C. Non-specific binding is determined in triplicate using arecoline (1 u.g/mL, final 
concentration) as the test substance. After incubation samples are added 5 mL of ice-cold buffer and poured directly 
onto Whatman GF/C glass fiber filters under suction and immediately washed 2 times with 5 mL of ice-cold buffer. The 
amount of radioactivity on the filters are determined by conventional liquid scintillation counting. Specific binding is 
total binding minus non specific binding. 

Test substances are dissolved in 10 mL water (if necessary heated on a steam-bath for less than 5 min.) at a 
concentration of 2.2 mg/mL 25-75% inhibition of specific binding must be obtained before calculation of IC^. The test 
value will be given as IC 50 (the concentration (nM) of the test substance which inhibits the specific binding of 3 H-oxo 
by 50%). 

IC 50 = (applied test substance concentration) x(C x /C 0 -C x )nM where C c is specific binding in control assays and 
C x is the specific binding in the test assay. (The calculations assume normal mass-action kinetics). 

Furthermore the pharmacological properties of the compounds of the invention can also be illustrated by deter- 
mining their capability to inhibit 3 HPRZ (pirenzepine, [N-methyl- 3 H]) binding to rat cerebral cortex membranes. 

Pirenzepine binds selectively to subtype of muscarinic receptors. Historically the type is named the IV^-site, where- 
as pirenzepine sensitive site would be more appropriate. Although selective for -sites pirenzepine also interact with 
M 2 - sites. 

All preparations are performed at 0-4°C unless otherwise indicated. Fresh cortex (0.1-1 9) from male Wistar rats 
(1 50-200 g) is homogenized for 5-10 s in 10 mL 20 mM Hepes pH: 7.4, with an Ultra-Turrax homogenizer. The homog- 
enizer is rinsed with 2 x 10 mL of buffer and the combined suspension centrifuged for 1 5 min. at 40,000 x g. The pellet 
is washed three times with buffer. In each step the pellet is homogenized as before in 3 x 1 0 mL of buffer and centrifuged 
for 1 0 min. al 40,000 x g. 

The final pellet is homogenized in 20 mM Hepes pH: 7.4 (100 mL per g of original tissue) and used for binding 
assay. Aliquots of 0.5 mL is added 20 uJ of test solution and 25 uL of 3 HPRZ (1 .0 nM, final cone), mixed and incubated 
for 60 min. at 20°C. Non-specific binding is determined in triplicate using atropine (1 ,u,g/mL, final cone.) as the test 
substance. After incubation samples are added 5 mL of ice-cold buffer and poured directly onto Whatman GF/C glass 
fiber filters under suction and immediately washed 2 times with 5 mL of ice-cold buffer. The amount of radioactivity on 
the filters are determined by conventional liquid scintillation counting. Specific binding is total binding minus non-specific 
binding. 

Test substances are dissolved in 10 mL water, at a concentration of 0.22 mg/mL. 25-75% inhibition of specific 
binding must be obtained before calculation of IC 50 . 

The test value will be given as IC 50 (the concentration (nM) of the test substance which inhibits the specific binding 
of 3 HPRZby 50%). 

IC 50 = (applied test substance concentration) x(C x /C D -C x )nM where C D is specific binding in control assays and 
C x is the specific binding in the test assay. (The calculations assume normal mass-action kinetics). 

Test results obtained by testing some compounds of the present invention will appear from the following table 1. 
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Compound 3 H-Oxo 3 HPRZ 

IC50. nM ICso. n** 

12 73 86 

5 162 183 

6 17 32 

7 10.7 26 

8 3.1 7.4 

9 11 25 

10 6.1 22 

11 29 33 

13 1.4 3- 7 

14 1.3 1.9 

15 16 2.3 

17 5.2 8.8 

18 101 73 

33 51 48 

35 23 33 

36 204 217 

31 32 12 

27 123 370 

28 37 25 
30 69 19 
26 11 37 
25 1-8 2.1 

29 34 20 

34 86 10 

22 23 7.4 

23 55 18 

24 19 19 

32 77 45 
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Compound 



19 
20 
21 
16 
38 
39 
40 
41 
42 
43 
44 
46 
47 
48 
49 
50 
51 
52 
53 
55 
57 
59 
60 
61 
45 
69 
65 
70 
71 
72 



3 H-Ox© 
IC50. nK 

0.36 
2.6 
4.4 
6.4 
1 

13 

1.8 

25 

14 

29 

7.1 
>1000 

54 

14 

1.8 

92 

25 
>1000 

24 

11 

88 

104 

19 

1.1 

29 

29 
2.3 

1.3 

1.1 

1.9 



3 BPRZ 
XC5 0 , nM 

7.5 

4 

4 

2 
1.9 
15 
2.5 
19 
9.3 
33 
15 
>1000 
23 
27 
1.9 
351 
112 
475 
35 
23 
37 
102 
14 
5.8 
4.6 
20 
0.72 
0.65 
1.15 
0.55 
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Compound # Oxo-M Pir 

IC-SO, nM IC-50 

5 

73 4.1 6.5 

74 24 40 

75 65 128 

10 

99 41 70 

100 873 846 

101 88 36 
« 102 378 187 

103 107 115 

104 107 115 
2Q 105 7.9 65.6 

106 9.5 95.4 

107 9.6 22.4 

108 9.1 56.1 
25 109 12.3 58.3 

110 13 .2 50.4 

111 38 85 
so 112 16 153 

113 3.6 23 

114 9.3 43 

116 14 33 

117 32 238 

118 7.2 70 
40 119 17 124 

120 11 71 

121 12 146 
4s 122 11 45 

123 42 106 

124 5.8 54 

125 36 191 

so 

126 19 72 

127 61 373 

128 6.9 109 
55 129 nd nd 
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Compound # 



Oxo-M 
IC-50, nM 



Pir 

IC-50 nM 



10 



15 



20 



25 



30 



40 



45 



50 



65 



131 

132 
133 
134 
135 
136 
137 
138 
139 
142 
143 
144 
146 
147 
148 
207 
149 
150 
151 
152 
153 
154 
155 
156 
160 
161 
162 
164 
167 
168 
169 
170 
171 
172 



5.6 
11 

>1000 
55 

>1000 

2.73 

7.39 

0.65 

230 

38 

1399 

12 

775 

1.1 

8 

2.4 

14 

17 

2071 

436 

597 

11 

3.4 

1 

14 

6.8 

179 

5.28 

2.8 

1.0 

1.0 

1.5 

19 

5.2 



46 
66 

>1000 

227 

>1000 

6.42 

2.10 

0.47 

145 

74 

637 

9 

>1000 
1.15 
25 
6 

30 
36 

2702 

243 

205 

6.3 

8.8 

0.6 

6.3 

5.3 

128 

16.64 

2.0 

6.4 

1.9 

3.0 

27 

10 
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# 


Qxo-M 


Pir 




IC-50. nM 


IC-50 nM 


173 


1.0 


1.4 


174 


2.1 


12 


175 


0.74 


2.7 


176 


1.3 


3.0 


177 


1.1 


2.0 


178 


15 


61 


180 


4.7 


11 


181 


1.1 


2.2 


182 


0.6 


3.5 


183 


2.6 


9.9 


184 


1.2 


2.2 


185 


0.76 


2.0 


186 


0.59 


2.8 


187 


2.8 


1.6 


188 


12 


43 


189 


1.7 


3.8 


190 


3.9 


2.5 


191 


1.4 


9.5 


192 


13 


21 


193 


3.7 


10 


194 


2.1 


4 


195 


4.9 


7.5 


196 


5.2 


8.8 


197 


2.3 


6.9 


198 


31 


120 


199 


3.3 


5.4 


200 


16 


12 


201 


3.7 


3.1 


202 


13 


31 


203 


3.1 


4.3 


204 


59 


153 


205 


2.5 


3.0 


206 


6.1 


5,0 



■nd' as used herein refers to values not yet determined . 

Table II illustrates several additional formula I compounds as claimed herein. 
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Table II 

Rii 



J&l R 3 d m V/Q* 



ci si 

Br O 2 

NH 2 O 1 

NHC 2 Hs S 0 

NCH3CH3 0 0 

-NHCH3 S 0 

-Br O 1 

•I 0 2 

-OCH3 S 0 

-SC2H5 S 1 

-S0CH=CH 2 O 0 

cyclohexyl S 1 

cyclopentyl 

methyl- O 0 

-S-cyclo- 

butyl S 2 



het-6 
<C~2) 
het-5 
(C-2) 
het-6 

(C-3) 
het-4 

(C-3) 



CH3 
H 



1 1 



H 



H 



CH3 

C-3 
CH 2 OH 

C-2 

CH 2 COCH 3 H 
C-4 

het-3 <uns)CH=CH 2 
(C-3) C-4 
het-7 (uns)C 2 H3 (CH 2 OH)CH3 H C 2 Hs - 2 
(C-3) C-5 



1 1 



H - 1 



CH 3 CH 1 2 
C-2 



het-1 CH 3 
(C-3) C-2 
het-2(sat) H 
(C-4) 



H 



H 



CH 3 - 



C 2 H 5 - 



het-6 
(C-4) 
het-1 

(C-3) 



H 

CHC1 
C-3 



C6H13 - 2 0 
C-3 

H H - - 

CHBr CH3- - 
C-4 



het-2(uns)CHNH 2 
(C-3) C-2 
het-3 (sat) CHC (O) OH H CH=CH 2 0 2 
(C-4) C-3 
het-4 CH3 
(C-4) C-4 



CH 3 H - 1 

C-5 



het-6 
(C-5) 



C=C 2 H 3 
C-4 



H 



0 2 



het-7 (sat)CH 3 
(C-4) C-3 



C 2 H 5 H - 1 0 
C-6 
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E U C Ql Sii Ell Bl n m n/rr»* 

-O-cyc lo- 

propylethyl O 0 het-5 H H H - - 

(C-3) 

OC2Hs<CH 3 )Cl S 1 het-7 (uns)OC 2 H 5 H H H - 0 2 

<C-5) C-4 

* As used in Table I, the C-number in the second row of the 
description of each compound refers to the point of 
attachment on the ring for the indicated variable. 
** As used in Table I, the p/q column refers to the value 
for the appropriate variable for the designated G value. 
For example when G is het-7, the p/q column provides the 
value for q. 

The compounds of the invention are effective over a wide dosage range. For example, in the treatment of adult 
humans, dosages from about 0.05 to about 100 mg, preferably from about 0.1 to about 100 mg, per day may be used. 
A most preferable dosage is about 0.1 mg to about 70 mg per day. In choosing a regimen for patients suffering from 
diseases in the central nervous system caused by malfunctioning of the muscarinic cholinergic system it may frequently 
be necessary to begin with a dosage ol Irom about 20 to about 70 mg per day and when the condition is under control 
to reduce the dosage as tow as from about 0.1 to about 10 mg per day. The exact dosage will depend upon the mode 
of administration, lorm in which administered, the subject to be treated and the body weight of the subject to be treated, 
and the preference and experience of the physician or prescribing caregiver in charge. 

The route of administration may be any route, which effectively transports the active compound to the appropriate 
or desired site of action, such as oral or parenteral e.g. rectal, transdermal, depot, subcutaneous, intravenous, intra- 
muscular or intranasal, the oral route being preferred. 

Typical compositions include a compound of formula I or a pharmaceutically acceptable acid addition salt thereof, 
associated with a pharmaceutically acceptable excipient which may be a carrier, or a diluent or be diluted by a carrier, 
or enclosed within a carrier which can be in the form of a capsule, sachet, paper or other container. In making the 
compositions, conventional techniques for the preparation of pharmaceutical compositions may be used. For example, 
the active compound will usually be mixed with a carrier, or diluted by a carrier, or enclosed within a carrier which may 
be in the form of a ampoule, capsule, sachet, paper, or other container. When the carrier serves as a diluent, it may 
be solid, semi-soltd. or liquid material which acts as a vehicle, excipient, or medium for the active compound. The active 
compound can be adsorbed on a granular solid container for example in a sachet. Some examples of suitable carriers 
are water, salt solutions, alcohols, polyethylene glycols : polyhydroxyethoxylated castor oil, gelatine, lactose, amylose, 
magnesium stearate, talc, silicic acid, fatty acid monoglycerkJes and diglycerides, pentaerythritol fatty acid esters, 
hydroxymethylcellulose and polyvinylpyrrolidone. The formulations may also include wetting agents, emulsifying and 
suspending agents, preserving agents, sweetening agents : or flavoring agents. The formulations ol the invention may 
be formulated so as to provide quick, sustained, or delayed release of the active ingredient after administration to the 
patient by employing procedures well known in the art. 

The pharmaceutical preparations can be sterilized and mixed, if desired, with auxiliary agents, emulsifiers, salt for 
influencing osmotic pressure, buffers and/or coloring substances and the like, which do not deleteriously react with the 
active compounds. 

For parenteral application, particularly suitable are injectable solutions or suspensions, preferably aqueous solu- 
tions with the active compound dissolved in polyhydroxylated castor oil. 

Tablets s dragees, or capsules having talc and/or a carbohydrate carrier or binder or the like are particularly suitable 
for oral application. Preferable carriers for tablets, dragees, or capsules include lactose, corn starch, and/or potato 
starch. A syrup or elixir can be used in cases where a sweetened vehicle can be employed. 

Generally, the compounds are dispensed in unit form comprising from about 0. 1 to about 100 mg in a pharmaceu- 
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tically acceptable carrier per unit dosage. 

The compounds of this invention may be suitable for administration to an animal. Such animals include both do- 
mestic animals, for example livestock, laboratory animals : and household pets, and non-domestic animals such as 
wildlife. More preferredly, the animal is a vertebrate. Most preterredly, a compound of this invention shall be admin is- 
5 tared to a mammal. It is especially preferred that the animal is a domestic mammal or a human. The most preferred 
mammal is a human. For such purposes, a compound of this invention may be administered as a feed additive. 

In order to more fully illustrate the operation of this invention, the following formulation examples are provided. 
The examples are illustrative only, and are not intended to limit the scope of the invention in any way 

*0 Formulation 1 



A typical tablet, appropriate for use in this method, may be prepared using conventional techniques and may 
contain: 
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Amount per Tablet 


Concentration by Weight 




(%) 








(±)-Endo-3-butylthio-4-(1 -azabicyclo[3.2. 1 Joctyl-6-oxy)- 


5.0 mg 


4.7 




1 ,2,5-thiadiazole 






20 


Lactosum 


67.8 mg Ph. Eur. 


64.2 




Avicel® 


31 .4 mg 


29.8 




Amberlite® 


1 .0 mg 


1.0 




magnesium stearate 


0.25 mg 


0.3 


25 




1 05.45 mg 


Too 


Formulation 2 






30 


Hard gelatin capsules are prepared using the following ingredients: 






Amount per Tablet 


Concentration by Weight 




(%) 








(±)-Exo-3-butyloxy-4-(N-methyl-8-azabicyclo[3.2. 1 ]octyl-3-oxy)- 


0.1 mg 


0.05 




1 ,2,5-thiadiazole 






35 


starch dried 


200 mg 


95.2 




magnesium stearate 


10 mg 


4.8 






210.1 mg 


1TO 



40 



45 



50 



55 



The above ingredients are mixed and filled into hard gelatin capsules in 210.1 mg quantities. 
Formulation 3 

Suspensions each containing 1 mg of medicament per 5 ml_ dose are as follows: 





Amount per 5mL of suspension 


(±)-3-(3-phenylethylthio)-4-(1-azabicyclo{2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole 


1 mg 


sodium carboxy methyl cellulose 


50 mg 


syrup 


1.25 mL 


benzoic acid solution 


0.10mL 


flavor 


q.v. 


color 


q.v. 


water 


q.s. to 5 mL 



The medicament is passed through a No. 45 mesh U.S. sieve and mixed with the sodium carboxymethyl cellulose 
and syrup to form a smooth paste. The benzoic acid solution, flavor and color is diluted with some of the water and 
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added to the paste with stirring. Sufficient water is then added to produce the required volume. 

The intermediates and processes of the present invention are useful for preparing compounds having beneficial 
muscarinic receptor activity. The compounds of the present invention have such useful muscarinic receptor activity. 
Certain compounds and conditions within the scope of this invention are preferred. The following conditions, invention 
embodiments, and compound characteristics listed in tabular form may be independently combined to produce a variety 
of preferred compounds and process conditions. The following list of embodiments of this invention is not intended to 
limit the scope of this invention in any way. 

Some prefered characteristics of compounds of formula I are: 

A) W is O; 

B) r is 1 or 2; 

C) G is selected from het-1 and het-5; 

D) G is unsaturated; 

E) G is het-4: 

F) G is an azabicycle having 7 ring carbon atoms and a nitrogen atom: 

G) G is het-6; 

H) r is 0; 

I) R is selected from halogen. -OR s Y, -SR 5 Y, ORSZY. -SR 5 ZY, -ORSZR 4 -SR 5 ZR 4 -OR 4 , and -SR 4 ; 
J) W is S; 

K) m is 1; 
L)nist; 
M) p is 2; 
N) V is O or S; 
O) G is het-2 

P) G is selected from the following heterocydes: 





* 




wherein the point of attachment to the -(CH 2 ) r -W- group is as indicated; 
Q) G groups is selected from the group consisting of 
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5 



10 



15 




* fit 



and 

1 N . 

t 

R) G is not an azabicycle; 
S) G is he1-3: 
25 T) R is not OR 4 wherein R 4 is O v O z alkyl; 

U) R 4 is C 4 -C 15 alkyl; 
V) G is an azacyclic or azabicyclic group. 

W) R is selected from the group consisting of -OR 5 Y, -SR 5 Y, OR 5 -Z-Y, -SR 5 ZY, -OR*-Z-R 5 or -S-F^-Z-R 5 , wherein 
Z is oxygen or sulphur, R 5 is 6 -alky I, C^^-alkenyl, C 2 _ is -alkynyl, Y is a 5 or 6 membered heterocyclic group 
30 containing one to four N, O or S atorn(s) or a combination thereof, is C t _ 15 -aJkyl, C 2 _ 15 -alkenyl, C 2 _ 15 -alkynyl; 

Especially preferred compounds of formula i have the characteristics of A-E; characteristics of A, G, H, M; char- 
acteristics of G-O; A, H, R; B, I, J; J, K S; A, K, Q; J, R L; or the characteristics of RG-J,M. 
Some prefered characteristics of the process and intermediates of this invention are: 

35 

A) W is O; 

B) R 15 and R 16 are not each hydrogen; 

C) R 10 , R 11 and R 12 are each methyl; 

D) R is selected from the group consisting of phenyl, benzyloxycarbonyl, -OR s Y, -SR 5 Y: OR s -Z-Y, -SR 5 ZY, -O-R 4 - 
40 Z-R 5 or -S-R 4 -Z-R 5 , -SOR 4 C 3 _ 10 -cycloalkyl, C4_ 12 -(cycloalkylaJkyl), -Z-C3_ 10 -cycloalkyl and -Z-C4_ 12 -(cycloalky- 

lalkyl) wherein Z is oxygen or sulphur, R 5 is C 1 _ 15 -alkyl, C 2 _ 15 -alkenyt, C 2 _ 15 -alkynyl, Y is a 5 or 6 membered 
heterocyclic group containing one to four N, O or S atom(s) or a combination thereof, F\, is C^g-alkyl, C 2 _ 1S - 
alkenyl, C 2 _ 15 -alkenyl; 

E) R is selected from the group consisting of halogen, -OR 4 , and -SR 4 ; 
45 F) G is an azabicycle having 6 ring carbon atoms and a nitrogen atom; 

G) R 1 * and R 16 are selected from the group consisting ol (Ri°R"Ri2Si) and (R 13 R 14 R 1 5'Si); 

H) R 18 is R 4 S0 2 ; 

I) W is S; 

J) R is selected from the group of -OR, -SR, and I. 
so K) R 17 is alkyl or R 19 substituted alkyl; 

L) W is S or S0 2 ; 

M) When the compound is of Formula V, the R 18 is F^SOg, Br or I; 
N) R is not OR 4 wherein R 4 is C,-C 3 alkyl; 
O) R 4 is C 4 -C 15 alkyl; 
55 P) G is an azacyclic or azabicyclic group; 

Q) R is selected from the group consisting of -OR 5 Y, -SR 5 Y. OR s -Z-Y, -SR 5 ZY, -0-R 4 -Z-R s or -S-R^Z-R 5 , wherein 
Z is oxygen or sulphur, R 5 is Ci_ 16 -alkyl, C 2 _ 15 -alkenyl, C2- 15 -alkynyl, Y is a 5 or 6 membered heterocyclic group 
containing one to four N, O or S atom(s) or a combination thereof, R 4 is C 1-15 -alkyl. C 2 _ 15 -alkenyl, C 2 _ 15 -alkynyl; 
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Especially preferred characteristics of the process and intermediates of this invention are A-F; characteristics of 
B,C,E; characteristics of H,J,K; K.L.M; or the characteristics of B-F.L 

The invention will now be described in further detail with reference to the following examples. The examples are 
provided for illustrative purposes, and are not to be construed as limiting the scope of the invention in any way 

EXAMPLE 1 

3-Chloro-4-(1-butvlthio) - 1.2, 5-th iadiazole 

Cyanogen (36 g, 0.69 mo!) was bubbled into ether (250 mL) maintained at -10°C. To the solution was added 
dropwise diethylamine (3 mL) followed by dropwise addition of 1 -butytthio! (47 mL, 0.64 mol) at such a rate that the 
temperature did not exceed -5°C. The reaction was maintained below 0°C for 5 h then stirred at ambient overnight. 
Ether was distilled from the reaction until the pot temperature reached 50°C. The reaction was cooled to ambient and 
then added dropwise to a solution of sulfur monochloride (55 mL, 0.688 mol) in DMF (50 mL) that was cooled to 5°C. 
Cooling was removed and reaction was stirred overnight. The reaction was cooled in an ice-water bath and excess 
sulfur monochloride destroyed by careful addition of H 2 0 while maintaining the temperature below 40°C. The liquid 
was decanted from the semi-solid sulfur precipitant and the sulfur residue triturated with hexane. The aqueous fraction 
was extracted with hexane (3 X) and the combined extracts and triturants were washed with HgO, aqueous NaHC0 3 , 
brine, dried, and the solvent evaporated. The residue was distilled at 2 mm Hg to give a yellow liquid (24.6 g}, b.p. 
105-110^. (Compound 1). 

EXAMPLE 2 

3-Chloro-4-butvlsulfonyl- 1,2, 5-th iadiazole 

A solution of Oxone™ (12 g. 0.01 95 mol) in HgO (60 mL) was vigorous stirred as 3-chloro-4-butylthio-1 ,2,5-thia- 
diazole (2.1 g, 0.01 mol) in THF (30 mL) was added dropwise. After 24 h, the THF was evaporated and the residue 
extracted with ether (3X). Extracts were washed with H2O, dried, and solvent evaporated to give a clear liquid. Radial 
chromatography eluting with 30 % EtOAc/hexane gave a colorless liquid (2.3 g). (Compound 2). 

EXAMPLE 3 

3-Chloro-4-ethyfthio-1 ,2, 5-th iadiazole 

Cyanogen (36 g, 0.69 mol) was bubbled into ether (250 mL) maintained at -10°C. To the solution was added 
dropwise diethylamine (3 mL) followed by dropwise addition of ethanethiol (47 mL, 0.64 mol) at such a rate that the 
temperature did not exceed -5°C. The reaction was maintained below 0°C for 5 h then stirred at ambient temperature 
overnight. Ether was distflled from the reaction until the pot temperature reached 50°C. The reaction was cooled to 
ambient and then added dropwise to a solution of sulfur monochloride (125 mL, 1 .56 mol) in DMF (150 mL) that was 
cooled to 5°C. Cooling was removed and the reaction was stirred overnight. The reaction was cooled in an EtOH-ice 
bath as the excess sulfur monochloride was destroyed by dropwise addition ol water while maintaining the temperature 
below 35°C. The liquid was decanted from the semi-solid sulfur precipitant and the sulfur residue triturated with hexane. 
The aqueous fraction was extracted with hexane (3 X) and the combined extracts and triturants were washed with 
HgO, aqueous NaHC0 3 , brine, dried, and the solvent evaporated. The brown liquid residue was distilled at 3 mm Hg 
to give a yellow liquid (80.2 g), b.p. 91-96°C. (Compound 3). 

EXAMPLE 4 

3-Chtoro-4-ethvtsulfonvl- 1,2,5-th iadiazole 

A solution of Oxone (84 g, 0.1 37 mol) in H 2 0 (400 mL) was rapidly stirred as 3-chloro-4-ethylthio-1 , 2,5-th iadiazole 
(12.2 g, 0.067 mol) in THF (200 mL ) was added. After stirring overnight, the THF was evaporated and the residue 
extracted with ether (3X). The extracts were washed with H 2 0, aqueous NaHC0 3 , and brine then the solvent dried 
and evaporated to give a clear liquid (13.6 g). (Compound 4). 
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EXAMPLE 5 

(±V3-Methoxv-4-(1 >azabicvclor2.2.21octvl-3-oxvM ,2,5-thiadiazole 

5 A solution of 1-azabicyclo[2.2.2]octan-3-ol (1 .36 g, 0.0104 mol) in THF (20 mL) was treated dropwise with 1 .6 M 

n-butyllithium in hexane (7.4 mL, 0.0118 mol). To this solution was added 3-methoxy-4-methanesulfonyM ,2,5-thiadi- 
azole (2.08 g, 0.01 07 mol) in THF (40 mL), the reaction heated to 40° C for 2 h, and then stirred at ambient temperature 
overnight. The solvent was evaporated, the residue acidified with 1 N HCI, and the mixture extracted with ether. The 
aqueous solution was made basic and extracted with EtOAc. The extracts were washed with HjO, dried, and the 

to solvent evaporated. The residue was purified by radial chromatography (2.5 % EtOH-0.25 % NH 4 OH-CHCi3) to give 
a clear oil. The HCI salt of the oil (0.85 g) crystallized from MeOH-EtOAc, m.p. 1 97-1 93°C. (Compound 5). 

EXAMPLE 6 

15 (±)-3-Ethoxv-4-n -azabicvclol2.2.21octvl-3-oxy)-1 ,2.5-thiadiazole 

A solution of l-azabicyclo[2.2.2]octan-3-ol (0.75 g, 0.0059 mol) in THF (50 mL) was treated dropwise with 1 .6 M 
n-butyllithium in hexane (3.7 mL, 0.0059 mol). To this solution was added 3-ethoxy-4-methanesutfonyl-1 ,2,5-thiadiazole 
(1.0 g, 0.0048 mot) in THF (12 mL) and the reaction heated to60°C for 5 h. The solvent was evaporated, the residue 
20 acidified with 1 N HCI, and the mixture extracted with ether. The aqueous solution was made basic and extracted with 
ether. The extracts were washed with H 2 0, dried, and the solvent evaporated to give a clear oil. The HCI salt of the oil 
(0.47 g) crystallized from 2-propanol, m.p. 212-21 3°C. (Compound 6). 

EXAMPLE 7 

25 

(±)-3-Propyloxv-4-f1-azabicvclof2.2.21octvl-3-oxv)-1,2,5-thiadrazole 

A solution of 1 -azabicyclo{2.2.2]octan-3-ol (1.1 g, 0.0087 mol) in THF (75 mL) was treated dropwise with 1.6 M n- 
butyllithium in hexane (5.0 mL, 0.008 mol). To this solution was added 3-propyloxy-4-methanesulfonyl-1 ,2,5-thiadiazole 
so (1 .3 g, 0.0059 mol) in THF (1 5 mL) and the reaction heated to 60° C for 4 h. The solvent was evaporated, the residue 
acidified with 1 N HCI, and the mixture extracted with ether. The aqueous solution was made basic and extracted with 
EtOAc. The extracts were washed with H2O. dried, and the solvent evaporated to give a clear oil. The HCI salt of the 
oil (0.59 g) crystallized from 2-propano!, m.p. 218-21 9°C. (Compound 7). 

35 EXAMPLE B 

(±)-3-Butyloxy-4-(1-azabicvctaf2.2.2loctvl-3-oxvH ,2,5-thiadiazole 

A solution of 1-azabicyclo[2.2.2]octan-3ol (2.2 g, 0.0168 mol) in THF (25 mL) was treated dropwise with 1.6 M n- 
40 butyllithium in hexane (10.8 mL, 0.0173 mol). To this solution was added 3-butyloxy-4-methanesulfonyl-1 ,2,5-thiadia- 
zole (1 .98 g, 0.084 mol) in THF (25 mL) and the reaction heated to 52*C lor 3.5 h. The solvent was evaporated, the 
residue acidified with 1 N HCI, and the mixture extracted with ether. The aqueous solution was made basic and extracted 
with EtOAc. The extracts were washed with H 2 0, dried, and the solvent evaporated to give a clear oil. The HCI saft of 
the oil (2.0 g) crystallized from CHCI 3 -EtOAc-ether, m.p. 204-205°C. (Compound 8). 

45 

EXAMPLE 9 

(±)-3-Pentyloxy-4-(1 -azabicyclof2.2.2|octvl-3-oxv)-1 ,2,5-thiadiazole 

50 A solution of 1-azabicyclo[2.2.2]octan-3-ol (0.75 g, 0.0059 mol) in THF (50 mL) was treated dropwise with 1.6 M 

n-butyllithium in hexane (3.7 mL, 0.0059 mot). To this solution was added 3-pentyloxy-4-me1hanesulfonyl-1,2,5-thia- 
diazole (1 .0 g, 0.004 mol) in THF (10 mL) and the reaction heated to 60 3 C for 4 h. The solvent was evaporated, the 
residue acidified with 1 N HCI, and the mixture extracted with ether. The aqueous solution was made basic and extracted 
with ether. The extracts were washed with h^O, dried, and the solvent evaporated to give a clear oil. The HCI salt of 

55 the oil (0.75 g) crystallized from EtOAc, m.p. 1 71 -172°C. (Compound 9). 
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EXAMPLE 10 

(±)-3-Hexvloxv-4-M -azabjcvclor2.2.21octv)-3-oxyH ,2,5-thiadiazole 

s A solution of 1 -azabicyclo[2.2.2]octan-3-ol (2.2 g, 0.01 68 mol) in THF (25 mL) was treated dropwise with 1.6 M n- 

butyllithium in hexane (10.8 mL, 0.0173 mol). To this solution was added 3-hexyloxy-4-methanesuffonyl-1,2,5-thiadi- 
azole (2.2 g, 0.004 mol) in THF (25 mL) and the reaction heated to 52°C for 3.5 h. The solvent was evaporated; the 
residue acidified with 1 N HCI, and the mixture extracted with ether. The aqueous solution was made basic and extracted 
with ether. The extracts were washed with HgO, dried, and the solvent evaporated to give a clear oil. The HCI salt of 

10 the oil (1.76 g) crystallized from EtOAc, m.p. 165-166°C. (Compound 10). 

EXAMPLE 11 

f±)-3-f44v1ethWpentvloxvM-M-azab£Y^ 

15 

A solution of 1-azabicyclo[2,2.2]octan-3-ol (0.75 g, 0.0059 mol) in THF (50 mL) was treated dropwise with 1.6 M 
n-butyllithium in hexane (3.7 mL, 0.0059 mol). To this solution was added 3-(4-methytpentyloxy)-4-me1hanesulfonyl- 
1 ,2,5-thiadiazole (1.2 g, 0.0045 mol) in THF (10 mL) and the reaction heated to reflux for6 h. The solvent was evap- 
orated, the residue acidified with 1 N HCI, and the mixture extracted with ether. The aqueous solution was made basic 
20 and extracted with ether. The extracts were washed with HgO, dried, and the solvent evaporated to give a clear oil. 
The HCI salt of the oil (1.1 g) crystallized from EtOAc, m.p. 179-180°C. (Compound 11). 

EXAMPLE 12 

2S (±)-3-Chloro-4-(1-azabicvclc42.2.21octvl-3-oxv)-1 1 2,5-thiadtazole 

A solution of 1 -azabicycto[2.2.2]octan-3-ol (1 .1 g, 0.0064 mol) in THF (25 mL) was treated dropwise with 1.6 M n- 
butyllithium n hexane (5.4 mL, 0.0086 mol). This solution was added dropwise lo a solution of 3-chloro^-butylsulfonyl- 
1,2,5-thiadiazoJe (2.1 g, 0.0086 mol) in THF (15 mL) at such a rate that the temperature did not exceed 32°C. After 
30 stirring for 3 days, the reaction was treated with H 2 0 (10 mL), diluted with ether (1 00 mL), and extracted with 1 N HCI 
(25 mL). The aqueous solution was washed with ether, made basic, and extracted with ether. The extracts were dried, 
the solvent evaporated, and the residue purified by radial chromatography (2.5 % EtOH-0.25 % NH 4 OH-CHCI 3 ) to give 
a straw colored liquid (1.1 g). The oxalate salt (0. 39 g) crystallized from MeOH-EtOAc. m.p. 154-156°C. (Compound 12). 

35 Alternative synthesis of (±)-3-Chloro>4>(1-azabicvclof2.2.2loctvl-3-oxv)-1 ,2,5-thiadiazofe: 

A solution of 1-azabicycIo[2-2.2Joctan-3-ol (1 .2 g, 0.0092 mol) in THF (25 mL) was treated dropwise with 1.6 M n- 
butyllithium in hexane (5.9 mL, 0.0095 mol). The solution was cooled to -8°C and a solution of 3-chloro-4-ethylsulfonyl- 
1.2,5-thiadiazole (1.83 g, 0.0086 mol) in THF (15 mL) was added dropwise. After 15 min, cooling was removed and 
40 the reaction stirred overnight. The reaction was treated with HgO (10 mL), diluted with ether (100 mL), and extracted 
with 1 N HCI (25 mL). The aqueous solution was washed with ether, made basic, and extracted with ether. The extracts 
were dried and the solvent evaporated to give crude (compound 1 2) (1 .05 g) as a brownish liquid. 

Alternative synthesis of (±)-3-Chlctfo^-(1-azabtcvclof2.2.2loctvl-3-oxv)-1,2,5-thiadiazole : 

45 

A mixture of 1 -azabicycto[2.2.2Joctan-3-ol (1 2.7 g, 0.1 mol), triethylamine (0.3 mL), and CHCI 3 (1 50 mL) was cooled 
to 5°C and cyanogen (7.25 g, 0. 1 39 mol) bubbled into the mixture. The reaction was stirred another hour then allowed 
to come to ambient temperature overnight. The solvent was evaporated, the residue dissolved in DMF (20 mL). and 
the solution added dropwise to a solution of S2C12 (47.3 g, 0.35 mol) in DMF (30 mL) that was cooled in an ice-water 

50 bath. After addition, cooling was removed and reaction exothermed to 32*C. After 5 h, reaction cooled and excess 
S2CI2 destroyed by careful addition of H20. The reaction was diluted with more HgO (300 mL) and the aqueous solution 
decanted from the sulfur residue. The sulfur residue was triturated with H2O and the combined aqueous solutions 
evaporated to a small volume (150 mL). The solution was washed with ether and then made basic with 50 % NaOH 
while maintaining the temperature below 30 °C. The mixture was extracted with CHCI 3> the extracts dried, and the 

55 solvents thoroughly evaporated. The residue was suspended in ether, dried, filtered and the solvent evaporated to give 
(compound 12) (18.1 g) as a yellow oil that slowly solidified. 
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EXAMPLE 13 

f±)-3-PropyKhio^-n^abicvclof2.2.2loctvl-3<>xvl)"1.2.5'thiadiazole 

5 A solution of the crude compound 12 (1 .67 g, 0.0068 mol) in DMF (25 mL) was treated portionwise with freshly 

ground flaked NagS-QUgO (1.8 g, 0.0075 mol). After 40 min, 1 -bromopropane (1 .25 g, 0.010 mol) was added and the 
reaction stirred overnight. The solvent was evaporated, the residue was acidified with 1 N HCI, and the mixture extracted 
with ether. The aqueous was made basic and extracted with ether. The extracts were dried and the solvent evaporated 
to give a straw-colored liquid. The HCI salt (1.28 g) crystallized from CHC^-EtO Ac-ether, m.p. 174-1 76°C. (Compound 

io 13). 

EXAMPLE 14 

r±)-3-BuWlthk>4-(1-azabicvclof2.2.2loctvl-3-oxvV1,2.5-thiadtazole 

is 

A solution of the crude compound 12 (1.8 g, 0.0073 mol) in DMF (25 mL) was treated portionwise with freshly 
ground flaked Na 2 S-9H 2 0 (1.94 g, 0.0081 mol). After 1 h, l-iodobutane (2 g, 0.011 mol) was added and the reaction 
stirred overnight. The solvent was evaporated, the residue was acidified with 1 N HCI, and the mixture extracted with 
ether. The aqueous was made basic and extracted with ether. The extracts were dried and the solvent evaporated to 
20 give a straw-coloured liquid. The HCI salt (1 .82 g) crystallized from CHCI 3 -EtOAc-ether, m.p. 151 -1 53°C. (Compound 

14) . 

EXAMPLE 15 

2S (±)-3-Pentvlthio-4-(1-azabicvclof2.2.2loctvl-3-oxv)-1.2 ; 5-thiadiazole 

A solution of the crude compound 1 2 (1 .67 g, 0.0068 mol) in DMF (25 mL) was treated portionwise with freshly 
ground flaked Na^S^HgO (1.8 g, 0.0075 mol). After 1 h, 1 -bromopentane (1.53 g, 0.010 mol) was added and the 
reaction stirred overnight. The solvent was evaporated, the residue was acidified with 1 N HCI, andthemixlure extracted 
30 with ether. The aqueous was made basic and extracted with ether. The extracts were dried and the solvent evaporated 
to give a straw-coloured liquid. The HCI salt (1.07 g) crystallized from CHCI 3 -EtOAC-ether, m.p. 166-187'C. (Compound 

15) . 

EXAMPLE 16 

35 

(S)-3-Pentyfthio-4-(l-azabicvdof2.2.21octvl-3-oxv)-1,2,5-thiadiazole 

A solution of (S)-1-azabicyclo[2.2.2]octan-3-ol (2.0 g, 0.0157 mol) in THF (40 mL) was cooled to 10°C as 1.6 M 
n-butyllithium in hexane (10 mL, 0.016 mol) was added dropwise. The resulting mixture was treated with 3-chloroethyl- 

40 sulfonyl-1 . 2,5-th iadiazole (3.34 g, 0.0157 mol) in THF (25 mL) and stirred for 16 h. The reaction was treated with HgO 
(10 mL), ether (1 70 mL) and extracted with 1 N HCI (43 mL). The aqueous fraction was washed with ether, made basic, 
and extracted with ether. The extracts were dried and the solvent evaporated to give an oil (1 .7 g). The oil was dissolved 
in DMF (25 mL), treated portionwise with freshly ground flaked Na 2 S-9H20 (1.83 g, 0.0076 mol), and heated (40°C). 
After 1.25 h, 1 -bromopentane (1.58 g, 0.0105 mol) was added and the reaction stirred overnight. The solvent was 

^5 evaporated, the residue was acidified with 1 N HCI, and the mixture extracted with ether The aqueous was made basic 
and extracted with ether. The extracts were dried and the solvent evaporated to give a straw-colored liquid that was 
purified by radial chromatography (5% EtOH-0.5% NH 4 OH-CHCI 3 ). The HCI salt (0.87 g) crystallized from CHCI 3 - 
EtOAc-ether, m.p. 194-1 95 3 C, [a] D = 25.41 ° (EtOH). (Compound 16). 

SO EXAMPLE 17 

f±)-3-Hexvlth io-4-( 1 -azabicvcfof 2.2. 21octyl-3-oxv)- 1 ,2 5-th iadiazole 

A solution of the crude compound 12 (1.8 g, 0.0073 mol) in DMF (25 mL) was treated portionwise with freshly 
ss ground flaked Na 2 S-9H 2 0 (1 .94 g, 0.0061 mol). After 1 h, 1 -iodohexane (2.3 g, 0.011 mol) was added and the reaction 
stirred overnight. The solvent was evaporated, the residue was acidified with 1 N HCI : and the mixture extracted with 
ether. The aqueous was made baste and extracted with ether. The extracts were dried and the solvent evaporated to 
give a straw-colored liquid. The HCI salt (1 .0 g) crystallized from CHCIg-EtOAc-ether, m.p. 1 65-167'C. (Compound 1 7). 
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EXAMPLE 18 

f±)-3-(3.3-Dimetrivlbutvrthio)^(1-azab 

A solution of the crude (compound 12) (1 .05 g, 0.0043 mol) in DMF (25 mL) was treated portionwise with freshly 
ground flaked Na2S-9H 2 0 (1 .24 g, 0.0051 mol). After 1 h, 1 -bromo-3,3-dimethylbutane (1 . 18 g, 0.007 mol) was added 
and the reaction stirred overnight. The solvent was evaporated, the residue was acidified with 1 N HCI, and the mixture 
extracted with ether. The aqueous was made basic and extracted with ether. The extracts were dried and the solvent 
evaporated to give a straw-colored liquid. The HCI salt (0.41 g) crystallized from CHCI 3 -EtOAC-ether, m.p. 189-190°C. 
(Compound 18). 

EXAMPLE 19 

f±^3-(2^2-TTiienvlthiotethvimb 

A solution of the crude (compound 12) (1.0 g, 0.0041 mol) in DMF (25 mL) was treated portionwise with Ireshly 
groundflakedNa^S-gHgOtl.l g, 0.0045 mol). After 1 h, 1 <hloro-2-(2-thienyrthio)ethane (1 .1 g, 0.0062 mol) was added 
and the reaction stirred overnight. The soh/ent was evaporated, the residue was acidified with 1 N HCI, and the mixture 
extracted with ether. The aqueous was made basic and extracted with ether. The extracts were dried, the solvent 
evaporated, and the residue purified by flash chromatography (10% EtOH-1% NH 4 OH-CHCI 3 ) to give a liquid. The HCI 
salt (0.88 g) crystallized from ether, m.p. 179.5-181 0 C. (Compound 19). 

EXAMPLE 20 

(±)-3-(2.2,3,3,3-PentafluoropropyttN^ 

A solution of the crude (compound 12) (0.5 g, 0.002 mol) in DMF (15 mL) was treated portionwise with freshly 
ground flaked Na2S-9H 2 0 (0.53 g, 0.0022 mol). After 1 h, i-methanesulfonoxy-2,2 ; 3,3,3-pentafluoropropane (0.003 
mol) was added and the reaction stirred overnight. The sotvent was evaporated, the residue was acidified with 1 N 
HCI, and the mixture extracted with ether. The aqueous was made basic and extracted with ether. The extracts were 
dried, the solvent evaporated, and the residue purified by flash chromatography (5% EtOH-0.5% NH 4 OH-CHCI 3 ) to 
give a liquid. The HCI salt (0.016 g) crystallized from ether, m.p. 1 38-140°C. (Compound 20). 

EXAMPLE 21 

(±)-3-(3-(2~Thienvf)propylthtoV^^ 

A solution of the crude (compound 12) (0.6 g, 0.0024 mol) in DMF (15 mL) was treated portionwise with freshly 
ground flaked NagS-gi^O (0.6 g, 0.0027 mol). After 1 h. 1 -chloro-3-(2-thienyl)propane (0.6 g, 0.0036 mol) was added 
and the reaction stirred overnight. The solvent was evaporated, the residue was acidified with 1 N HCI, and the mixture 
extracted with ether. The aqueous was made basic and extracted with ether. The extracts were dried, the solvent 
evaporated, and the residue purified by flash chromatography (10% EtOH-1% NH 4 OH-CHCI 3 ) to give a liquid. The HCI 
salt (0.16 g) crystallized from EtOH-EtO Ac, m.p. 194-196 D C. (Compound 21 ). 

EXAMPLE 22 

(±)-3-Butvlthio-4-((1-azabicyclof2,2,21octan-3-vl)-methoxv)-l 1 2,5-thiadiazole 

A solution of 3-hydroxymethyl-1 -ezabicycfo[2.2.2}octane (1 .4 g, 0.01 mol) in THF (30 mL) was treated with 1 .6 M 
n-butyllithium in hexane (6.5 mL, 0.0104 mol). The mixture was cooled to 10°C, and 3-chloro-4-ethytsulfonyl-1 ,2,5-thi- 
adiazole (2.21 g, 0.0104 mol) in THF (10 mL) was added dropwise. Cooling was removed and the reaction stirred 
overnight. The reaction was treated with h^O, diluted with ether, and extracted with 1 N HCI (25 mL). The acidic extracts 
were washed with ether, made basic, and extracted with ether. The extracts were dried and the solvent evaporated to 
give an orange liquid (1 .82 g). The liquid was dissolved in DMF (32 mL) and treated with freshly ground flaked NagS- 
9H 2 0 (2.5 g, 0.0104 mol) in portions. After 55 min, the reaction was treated with 1-iodobutane (2.6 g, 0.014 mol) and 
warmed to 44°C overnight. The solvent was evaporated, the residue acidified with 1 N HCI, and the mixture extracted 
with EtOAc-ether (1:1). Trie aqueous fraction was made basic and extracted with ether. The ether was dried, the solvent 
evaporated, and the residue purified by radial chromatography (5% EtOH-0.5% NH4OH-CHCI3) to give a liquid. The 
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HCI salt (0.84 g) crystallized from EtOAc-ether, m.p. 170-171°C. (Compound 22). 
EXAMPLE 23 

(±)-exo-3-Pentvlthio^(1-a2abicvclof3.2.1]octv>'6K>xvVl ) 2,5-thiadiazol9 and (±)-Endo-3-pentylthio-4-(1-azabicvclo 
f 3.2. 1 1 - octyl-e-oxvM ,2,5-thtadiazole 

A solution of the endo/exo mixture of 1-azabrcyclo(3.2.1|octan-6-ol (1.95 g, 0.0153 mol, ref. Sternbach, L. H.; 
Kaiser, S. J. Amer. Chem. Soc. 1952, 74, 221 5-2218.) in THF (25 mL) was treated with 1 .6 M n-butyllithium in hexane 
(9.6 mL, 0.0153 mol). When the mixture had cooled to ambient temperature, 3-chloro-4-ethylsulfonyl-1 ,2,5-ihiadiazole 
(2.96 g, 0.014 mol) in THF (1 5 mL) was added dropwise and the reaction stirred overnight The reaction was treated 
with H 2 0, diluted with ether, and extracted wfth 1 N HCI (32 mL). The acidic extract was made basic : extracted with 
ether, the extracts dried, and the solvent evaporated to give an orange liquid (1 .25 g). The liquid was dissolved in DMF 
(25 mL) and treated with freshly ground flaked Na 2 S-9H 2 0 (1.82 g, 0.0076 mol) in portions. After 40 min : 1-bromopen- 
tane (1.55 g, 0.0103 mol) was added and the reaction stirred overnight. The solvent was evaporated, the residue 
acidified, and the mixture extracted with ether. The aqueous fraction was made basic, extracted with ether Ihe extracts 
dried, and the solvent evaporated. The residue was purified by radial chromatography (2.5% EtOH-0.25% NH 4 OH- 
CHCI 3 ) to first elute the exo isomer as a liquid. The HCI salt (0.25 g), crystallized from EtOAc, m.p. 159-1 60°C. (Com- 
pound 23). Further etutbn provided the endo isomer as a liquid. The HCI salt (0.23 g) crystallized from EtOAc, m.p. 
190-193 9 C. (Compound 24). 

EXAMPLE 24 

f ±)-endo-3- Bu tyfoxy-4- ( 1 -azabicyclof 2. 2 . 1 Iheptyl- 3-oxv)- 1,2,5-th iadiazol e 

A solution of a mixture of (±)-endo and (±)-exo-1-azabicyclo[2.2.1]heptan3-o] (0.5 g, 0.0044 mol)(Rel J. Org. 
Chem. 1969, 34, 3674-3676) in THF (20 mL) was cooled in an ice-water bath and treated dropwise with 1.6 M n- 
butyllrthium in hexane (2.8 mL, 0.0044 mol). Cooling was removed, 3-butyloxy-4-methanesuifonyl-1,2,5-thiadiazole 
(1.4 g, 0.0059 mol) was added, and the reaction heated to reflux for 6 h. The solvent was evaporated, the residue 
acidified with 1 N HCI, and the mixture extracted with ether. The aqueous solution was made basic and extracted with 
EtOAc. The extracts were washed with h^O. dried, and the solvent evaporated to give a clear oil. Radial chromatog- 
raphy (5% EtCH 0.5% NH 4 OH CHCI 3 ) eluted the title compound as the more polar of Ihe two UV active spots. The 
HCI salt of the title compound (0.5 g) crystallized from EtOAc with a quarter mole of HgO, m. p. 1 61 .5- 1 63°C. (Compound 
25). 

EXAMPLE 25 

f±)-Exc^3-butvtoxv-4-(1-azabicvclof2.2.11heotvl-3-oxvV1,2 t 5-thiadiazole 

Rechromatography of the mixed fraclions from the isolation of (compound 25) (5% EtOH, 0.5% NH 4 OH, CHCI 3 ) 
gave the less polar UV active material. The HCI salt (0.036 g) crystallized from EtOAc with a quarter mole of water, m. 
p. 156-157°C. (Compound 26). 

EXAMPLE 26 

(±)-3-Butvloxv-4-<3>pvrrolidinvloxv>-1,2.5-thiadiazole 

A suspension of NaH (0.066 g : 0.0028 mol) in THF (25 mL) was treated with 1 -t-butytearbamoyl-3-hydroxy pyrro- 
lidine (Ref. Syn. Commun. 15, 5B7.) (0.5 g, 0.0027 mol) and the reaction warmed to 50°C for 30 min. After cooling to 
ambient temperature, 3-butytoxy-4-methanesulfonyl-1.2,5-lhiadiazole (0.55 g, 0.0027 mol) in THF (5 mL) was added 
and the reaction heated to reflux for 2.5 h. The solvent was evaporated, the residue treated with ice-water, and the 
mixture extracted with ether. The extracts were washed with brine, dried, and the solvent evaporated. The residue was 
dissolved in ether (50 mL) and treated with a slow stream of HCI for 5 min. After stirring overnight, the reaction was 
extracted with cold water The aqueous was washed with ether, made basic, and extracted with EtOAc. The extracts 
were washed with brine, dried, and the solvent evaporated to give a clear oil. The HCI salt (0.42 g) crystallized from 
EtOAc, m.p. 127-1 28°C. (Compound 27). 
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EXAMPLE 27 

(±)-3-Butvk>xv-4-M -methv1-3-pvrrolidinvloxv)-1 ,2,5-thiadiazole 

5 A solution of 1 -methyl-3-pyrrolidinol (0.6 g, 0.0059 mol) in THF (20 mL) was treated with 1.6 M n-butyllithium in 

hexane (3.1 mL), 0.005 mol). To the solution was added 3-butytoxy-4-methanesutfonyl-1 ,2,5-thiadiazole (1 .0 g, 0.0042 
mol) and the reaction heated to reflux overnight. The solvent was evaporated, the residue acidified with cold 1 N HCI, 
and the mixture extracted with ether. The aqueous fraction was made basic, extracted with EtOAc, and the extracts 
washed with water. The extracts were dried and the solvent evaporated to give a liquid. The HCI salt (0.7 g) crystallized 

to from EtOAc, m.p. 157-158°C. (Compound 28). 

EXAMPLE 28 

f±)"3-Butvlthp-4>f1-methvl-3-Diperidvloxv)- 1.2. 5-th iadiazole 

15 

A solution of 3-hydroxy-1 -methylpiperidine (1 . 1 2 g : 0.0095 mol) in THF (25 mL) was treated with 1.6 M n-butylfithium 
in hexane (5.9 mL, 0.0095 mol). The mixture was cooled to 8°C and treated dropwise with 3-chloro-4-ethylsulfonyl- 
1,2,5-thiadiazole (1.83 g, 0.0086 mol) in THF (20 mL). The cooling was removed and the reaction stirred overnight. 
The mixture was treated with HgO: acidified with 1 N HCI and diluted with ether. The aqueous fraction was washed 

20 with ether, made basic, and extracted with ether. The extracts dried and solvent evaporated to give a brown liquid (1 .95 
g). The liquid was dissolved in DMF (38 mL) and treated with freshly ground flaked Na 2 S-9H 2 0 (2.98 g, 0.0124 mol) 
in portions. After 1 h, the mixture was treated with 1 -iodobutane (3.1 g, 0.0169 mol) and stirred 64 h. The solvent was 
evaporated, the residue acidified with 1 N HCI, and the mixture extracted with ether. The aqueous solution was made 
basic and extracted with ether. The extracts were dried and the solvent evaporated to give an orange liquid. Purification 

25 by radial chromatography (2.5% EtOHO.25% NH 4 OH-CHCI 3 ) gave a liquid whose HCI salt (1.4 g) crystallized from 
CHCI 3 -EtOAc-ether, m.p. 141-142°C. (Compound 29). 

EXAMPLE 29 

30 3-Butylthio-4-<1-methvl-4-ptperidvloxvl-1.2,5-thiadiazole 

Asolution of 4 -hydroxy- 1 -methylpiperidine (1 . 1 2 g : 0.0095 mol) in THF (25 mL) was treated with 1.6M n-butyllilhium 
in hexane (5.9 mL s 0.0095 mol). The mixture was cooled to 8°C and treated dropwise with 3-chloro-4-ethylsulfonyl- 
1 ,2,5-thiadiazole (1.B3 g, 0.0086 mol) in THF (20 mL). The cooling was removed and the reaction stirred overnight. 

35 The mixture was treated with HgO, acidified with 1 N HCL and diluted with ether. The aqueous fraction was washed 
with ether, made basic, and extracted with ether. The extracts dried and solvent evaporated to give a brown liquid (1 .52 
g). The liquid was dissolved in DMF (30 mL) and treated with freshly ground flaked Na 2 S-9H20 (2.32 g, 0.0097 mol) 
in portions. After 50 min, the mixture was treated with 1 -iodobutane (2.4 g, 0.01 3 mol) and stirred for 63 h. The solvent 
was evaporated, the residue acidified with dilute HCI, and the mixture extracted with ether The aqueous fraction was 

40 made basic and extracted with ether. The extracts were dried and the solvent evaporated to give 1 .3 g liquid. The HCI 
salt (1.3 g) crystallized from ElOAc-ether, m.p. 140-142°C. (Compound 30). 

EXAMPLE 30 

*s (S)-3-Butvloxv-4-(1 -methvl-2-pyrro1kjtnvlmethoxv)-1 ,2,5-thiadiazole 

A solution of (S)-1 -methyl-2-pyrrolidinemethanol (0.86, 0.0075 mol) in THF (20 mL) was treated with 1.6 M n- 
butyllithium in hexane (4.7 mL 0.0075 mol). To the solution was added 3-bu1yloxy-4-methanesulfonyl-1 ,2,5-thiadiazole 
(1.2 g, 0.005 mol) and the reaction heated to reflux for 6.5 h. The solvent was evaporated, the residue acidified with 
so cold 1 IM HCI, and the mixture extracted with ether. The aqueous was made basic and extracted with EtOAc. The 
extracts were washed with water dried, and the solvent evaporated to give a liquid. The HCI salt (0.72 g) crystallized 
from EtOAc, m.p. 115-116°C. (Compound 31). 

EXAMPLE 31 

55 

(S)-3-Butvloxv-4-(2-pyrrolidinylmethoxv)- 1,2,5-th iadiazole 

A solution of (S)-1-butyloxycarbonyl-2-pyrrolicinemethanol (1.21. 0.006 mol) in THF (5 mL) was added to a sus- 
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pension of 60% NaH tn oil (0.24 g, 0.006 mol) in THF (30 mL). After 1 h, the mixture was heated to gentle reflux for 1 
h. To the solution was added 3-buty!oxy-4-methanesulfonyl-1 ,2,5-thiadiazole (1 g, 0.0042 mol) and the reaction heated 
to reflux overnight. The solvent was evaporated, the residue treated with cold H20, and the mixture extracted with 
EtOAc. The extracts were dried and treated with a stream of dry HCI for 3 min. Alter another hour, the solvent was 
s evaporated, the residue treated with cold H 2 0, and the mixture extracted with ether. The aqueous fraction was made 
basic and extracted with EtOAc. The extracts were washed with water, dried, and the solvent evaporated to give a 
liquid. The HCI salt (0.72 g) crystallized from EtOAc, m.p. 99-1 00°C. (Compound 32). 

EXAMPLE 32 

10 

3-Butvtoxv-4-t2-(dimethylamino)ethoxv)-1 l 2,5'thiadiazole 

A solution of 2-dimethylaminoethanol (0.67 g, 0.0075 mol) in THF (20 mL) was treated with 1.6 M n-butyllithium 
in hexane (4.7 mL, 0.0075 mol). To the solution was added 3-butybxy-4-methanesutfonyl-1 ,2,5-thiadiazole (1.2 g, 
is 0.005 mol) and the reaction heated to reflux for 6 h. The solvent was evaporated, the residue acidified with cold 1 N 
HCI, and the mixture extracted with ether. The aqueous was made basic and extracted with EtOAc. The extracts were 
washed with water, dried, and the solvent evaporated to give a clear oil. The HCI salt (0.94 g) recrystallized from EtOAc 
to give a white solid, m.p. 97-98 6 C. (Compound 33). 

20 EXAMPLE 33 

3-ButylthiCH4-(2-(diethvlamino)ethoxv)-1 ,2,5-thiadiazole 

A solution of 2-diethy lam inoe than ol (1.11 g, 0.0095 mol) in THF (25 mL) was treated with 1.6 M n-buty I lithium in 
2S hexane (5.9 mL, 0.0095 mol). The mixture was cooled to 8°C and treated dropwise with 3-chloro-4-ethylsulfonyl- 
1 ,2,5thiadiazote (1 .83 g, 0.0086 mol) in THF (20 mL). The cooling was removed and the reaction stirred overnight. The 
mixture was treated with H 2 0, acidified with 1 N HCI, and diluted with ether. The aqueous fraction was washed with 
ether, made basic, and extracted with ether. The extracts dried and solvent evaporated to give a brown liquid (1.6 g). 
The liquid was dissolved in DMF (30 mL) and treated with freshly ground flaked Na2S-9H 2 0 (2.43 g, 0.010 mol) in 
30 portions. After 50 min, the mixture was treated with 1 -iodobutane (2.52 g, 0.01 37 mol) and stirred for 46 h. The solvent 
was evaporated, the residue acidified with dilute HCI, and the mixture extracted with ether. The aqueous fraction was 
made basic and extracted with ether. The extracts were dried, the solvent evaporated, and the residue purified by radial 
chromatography (5% EtOH-0.5% NH 4 OH-CHCI 3 ) to give a liquid. The HCI salt (1 .1 5 g) crystallized from EtOAc-ether, 
m.p. 95-97*C. (Compound 34). 

35 

EXAMPLE 34 

3-Butyloxv-4-(2-(trimethylaminotethoxv)-t ,2,5-thiadiazole iodide 

to a solution of (compound 33) (from 0.5 g, 0.0018 mol ol the HCI salt) in EtOAc (30 mL) was treated with CH3I (0.3 

mL) and stirred overnight. The precipitant was collect ed : washed with EtOAc, and dried to give a white solid (0.64 g), 
m.p. 137-138°C. (Compound 35). 

EXAMPLE 35 

45 

3-Butvloxv-4-f2-(dimethvlamino>ethvlthio)-1,2.5-thiadiazole 

A suspension of 2-dimethylaminoethanthiol hydrochloride (0.57 g, 0.004 mol) in THF (25 mL) was treated with 1 .6 
M n-butyllithium in hexane (5 mL, 0.008 mol). To the solution was added 3-butyloxy-4-methanesulfonyl-1,2,5-thiadia- 
50 zole (0.71 g, 0.003 mol) and the reaction heated to reflux for 2 h followed by stirring at ambient temperature overnight. 
The solvent was evaporated, the residue acidified with cold 1 N HCI, and the mixture extracted with ether. The aqueous 
was made basic and extracted with ether. The extracts were washed with water, dried, and the solvent evaporated. 
The residue was purified by radial chromatography (5% EtOH-0.5% NH 4 OH-CHCI 3 ) to give a tan liquid. The HCI salt 
(0.22 g) recrystallized from EtOAc to give a white solid, m.p. 108-109°C. (Compound 36). 

55 
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EXAMPLE 36 

3- Chloro-4-f1-propy1thlo)-1,2,5-thiadiazole 

s Cyanogen (34 g, 0.65 mol) was bubbled into ether (250 mL) maintained at -10 9 C. To the solution was added 

dropwise diethy famine (3 mL) followed by dropwise addition of 1 -propanediol (57 mL, 0.63 mol) in ether (25 mL) at 
such a rate that the temperature did not exceed -5°C. After 5 h, cooling was removed and the reaction stirred overnight. 
Ether was distilled from the reaction until the pot temperature reached 50°C. The reaction was cooled to ambient and 
added dropwise to a solution of sulfur monochloride (125 mL, 1 .56 mol) in DMF (125 mL) that was cooled in an ice- 

10 water bath. Cooling was removed and the reaction allowed to exotherm to 35°C, recooled to below 30^. then stirred 
overnight. The reaction was cooled in EtOH-ice and the excess sulfur monochloride carefully destroyed by dropwise 
addition of H2O (200 mL) such that the temperature did not exceed 30°C. The mixture was extracted with hexane, the 
extracts washed with brine, dried, and the solvent evaporated. The residue was distilled at 1 .5 mm Hg to give a yellow 
liquid (98.6 g), b.p. 84-94°C. (Compound 37). 

15 

EXAMPLE 37 

(R)-3-Pentylthio-4-(1 -azabtcvc(o|2,2.2|octyl-3-oxvH ,2,5-thiadjazole 

20 a solution of (R)-1-azabicyclo[2.2.2Joctan-3-ol (3.0 g, 0.0236 mol) in THF (40 mL) was cooled to 10°C as 1 .6 M 

n-butyllithium in hexane (15 mL, 0.024 mol) was added dropwise. The resulting mixture was treated with 3-chloro- 

4- ethytsulfonyM ,2,5-thiadiazole (5.01 g, 0.0236 mol) in THF (5 mL) and stirred for 22 h. The reaction was treated with 
H 2 0 (10 mL) ; ether (170 mL) and extracted with 1 N HCI (35 mL). The aqueous fraction was washed with ether, made 
basic, and extracted with ether. The extracts were dried and the solvent evaporated to give an oil (2.35 g). The oil was 

25 dissolved in DMF (35 mL), treated portionwise with freshly ground flaked Na2S-9H 2 0 (2.53 g, 0.01 05 mol), and heated 
(40°C). After 1 .25 h, 1 -bromopentane (2. 1 8 g, 0.0 1 45 mol) was added and the reaction stirred overnight at 38°C . The 
sofvent was evaporated, the residue was acidified with 1 N HCI, and the mixture extracted with ether. The aqueous 
was made basic and extracted with ether. The extracts were dried and the solvent evaporated to give a straw-colored 
liquid that was purified by radial chromatography (5% EtOH-0.5% NH 4 OH-CHCI 3 ), The HCI salt (1.63 g) crystallized 

30 from CHC^-EtOAc, m.p. 195-196°C, [cc] D = -24.6° (EtOH). (Compound 38). 

EXAMPLE 38 

(±)-3-(4^ethvlpentvfthion-4-(1-azabtcvclof2.2.21octyl-3-oxv)-1,2,5-thiadiazole 

36 

A solution of the crude {compound 12) (1.65 g, 0.0067 mol) in DMF (25 mL) was treated portionwise with freshly 
ground flaked NagS-SH^ (1 .83 g, 0.0076 mol). After 1 h, 1-bromo-4-methy!pentane (1 .73 g, 0.0105 mol) was added 
and the reaction stirred three days at 40°C. The solvent was evaporated, the residue was acidified with 1 N HCI, and 
the mixture extracted with ether. The aqueous was made basic and extracted with ether. The extracts were dried and 
40 the solvent evaporated to give a straw-colored liquid that was purified by radial chromatography (5% EtOH-0.5% 
NH 4 OH-CHCI 3 ). The HCI salt (0.74 g) crystallized from CHCI 3 -EtO Ac-ether, m.p. 183-185 0 C. (Compound 39). 

EXAMPLE 39 

4 $ (±)-3-(3-Phenylpropylthio)-4-f1-azabicvclol2.2.21octvl-3-oxv)-l,2,5-thiadiazole 

A solution of the crude (compound 12) (0.9 g, 0.0037 mol) in DMF (25 mL) was treated portionwise with freshly 
ground flaked Na 2 S-9H 2 0 (0.97 g. 0.004 mol). After 1 h, 1 -brorno-3-phenylpropane (1 . 1 1 g, 0.056 mol) was added and 
the reaction stirred 17 h at 50°C. The solvent was evaporated, the residue was acidified with 1 N HCI, and the mixture 
so extracted with ether. The aqueous was made basic and extracted with ether. The extracts were dried and the solvent 
evaporated to give a straw-colored liquid that was purified by radial chromatography (2.5% EtOH-0.25% NH 4 OH- 
CHCI3). The HCI salt (0.42 g) crystallized from CHCI 3 -EtO Ac-ether, m.p. 210-21 2°C. (Compound 40). 

EXAMPLE 40 

55 

(±)-3-(4>CvanobenzvlthioV4-(1-azabicvcto|2,2 T 2loctvl-3-oxv)-1 t 2.5-thiadtazole 

A solution of the crude (compound 12) (1.15 g, 0.0047 mol) in DMF (25 mL) was treated portionwise with freshly 
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ground flaked Na 2 S-9H20 (1.63 g, 0.007 mol). After 1 h, 4<yanobenzyl bromide (1.85 g, 0.094 rnol) was added and 
the reaction stirred 22 h. The solvent was evaporated, the residue was acidified with 1 N HCI, and the mixture extracted 
with ether. The aqueous was made basic and extracted with ether The extracts were dried and the solvent evaporated 
to give a straw-colored liquid that was purified by radial chromatography (5% EtOH-0.5% NH4OH-CHCI3). The HCI 
s satt (0.12 g) crystallized from CHCI 3 -EtOAc-ether, m.p. 211-213°C. (Compound 41). 

EXAMPLE 41 

(±)>3-(4-FluofobenzvimioM-(1^abicvclof2.2.2loctvl-3K>xvl-1 t 2,5>thiadia^ole 
10 ' 

A solution of the crude (compound 12) (1 . 15 g, 0.0047 mol) in DMF (25 mL) was treated portionwise with freshly 
ground flaked Na 2 S-9H20 (1.68 g, 0.007 mol). After 1 h, 4-fluorobenzyl chloride (1.37 g, 0.094 mol) was added and 
the reaction stirred 22 h. The solvent was evaporated, the residue was acidified with 1 N HCI, and the mixture extracted 
with ether. The aqueous was made basic and extracted with ether. The extracts were dried and the solvent evaporated 
'5 to give a straw-colored liquid that was purified by radial chromatography (5% EtOH-0.5% NH 4 OH-CHCI 3 ). The HCI 
sail (0.89 g) crystallized from MeOH-EtOAc-ether : m.p. 236-237°C. (Compound 42). 

EXAMPLE 42 

20 (±)-3-<2-Phenvlethvfthio)-4-n -azabicvcfof2.2.21octvl-3-oxvl-1 , 2.5-th iadiazole 

A solution of the crude (compound 12) (1.15 g, 0.0047 mol) in DMF (25 mL) was treated portionwise with freshly 
ground flaked Na2S-9H 2 0 (1 .68 g, 0.007 mol). After 1 h, the reaction was cooled to -30°C and treated with dropwise 
with l-bromo-2-phenylethane (1 .75 g, 0.095 mof) in DMF (22 mL). The cooling was removed after 1 h and the reaction 
25 stirred 22 h. The solvent was evaporated, the residue was acidified with 1 N HCI, and the mixture extracted with ether. 
The aqueous was made basic and extracted with ether. The extracts were dried and the solvent evaporated to give a 
straw-colored liquid that was purified by radial chromatography (5% EtOH-0.5% NH 4 OH-CHC! 3 ). The HCI salt (0.53 
g) crystallized from MeOH-EtOAC -ether, m.p. 181-133°C. (Compound 43). 

30 EXAMPLE 43 

(±)-3-r2-PhenvloxvethvMhioV4-(1-azabicvclof2.2.21octvl-3-oxv) - 1 ,2,5-thiadiazole 

A solution of the crude (compound 12) (1.15 g, 0.0047 mol) in DMF (25 mL) was treated portionwise with freshly 
35 ground flaked Na^-gHgO (1 .68 g, 0.007 mol). After 1 h, the reaction was cooled to -50°C and treated with dropwise 
with l-bromo-2-phenyloxyethane (1.90 g, 0.0095 mol) in DMF (22 mL). The cooling was removed after 1 h and the 
reaction stirred 22 h. Another solution of bromo-2-phenyloxyethane (1 .90 g, 0.0095 mol) in DMF (5 mL ) was added 
in two portions with cooling to -30 3 C. After 2 h, the solvent was evaporated, the residue was acidified with 1 N HCI 
and the mixture extracted with ether. The aqueous was made basic and extracted with CHCI 3 . The extracts were dried 
to and the solvent evaporated lo give a straw-colored liquid that was purified by radial chromatography (5% EtOH-0.5% 
NH 4 OH-CHCI 3 ). The HCI salt (1.29 g) crystallized from MeOH-EtO Ac-ether, m.p. 193-1 94°C. (Compound 44). 

EXAMPLE 44 

45 endo-3-Bulvtoxv-4-fN-methvl-8-azabicvclor3.2. 1 1octvl-3-oxv)-1 ,2,5-thiadiazole 

A solution of tropine (1 .36 g, 0.0094 mol) in THF (25 mL) was treated dropwise with 1 .6 M n-butyllithium in hexane 
(5.9 mL, 0.00095 mol). To this solution was added 3-butytoxy-4-methanesullonyl-1 ,2,5-thiadiazole (2.04 g, 0.0OB6 mol) 
in THF (25 mL) and the reaction heated to 40°C for 19 h. The solution was treated with H 2 0 (40 mL), 5 N HCI (5.5 
50 mL), and ether (150 mL), the aqueous layer separated and made basic. The aqueous solution was extracted with ether, 
the extracts dried, and the solvent evaporated to give a clear oil. The oil was purified by radial chromatography (5% 
EtOH-0.5% NH 4 OH-CHCI 3 ) and the HCI salt (1.49 g) crystallized from CHC^-EtOAC-ether, m.p. 168-169°C. (Com- 
pound 45). 

55 
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EXAMPLE 45 

(+)-exo-3-Butvloxv-4-46-(N-methyl-8-azabicvclor^^ 

A suspension of NaH (0.11 g, 0.00275 mol) in THF (25 mL) was treated with (±)-exo-6-hydroxytropinone (1.36 g, 
0.0094 mol) and the reaction heated to 50°C for 1 h. To this solution was added 3-butyloxy-4-methanesulfonyl-1 ,2,5-thi- 
adiazole (0.55 g, 0.0027 mol) and the reaction heated to reflux for 2 h. The solvent was evaporated, the residue sus- 
pended in ice-water, acidified, and the mixture extracted with ether. The aqueous layer was made basic, was extracted 
with ether, the extracts washed with brine, dried, and the solvent evaporated to give a clear oil. The oil was purified by 
radial chromatography (2.5% EtOH-0.25% NH 4 OH-CHCI 3 ) and the HCI salt (0.325 g) crystallized from EtOAc, m.p. 
1 78-1 79°C. (Compound 46). 

EXAMPLE 46 

(±)^xo-3-Chloro^(1^abtcvclofa2.11octvl-6-oxv)-1,2,54hiadtazole and(±)-endo-3-Chloro>4-(1-azabicvclo T3.2.1 1 
octvl-6-oxvM ,2,5-thiadiazole 

A solution of the endo/exo mixture of 1-azabicyclo[3.2.1]octan-6-ol (13 g, 0.102 mol, ref. Stembach, L H.; Kaiser, 
S. J. Amer. Chem. Soc. 1952, 74, 2215-2218), triethytamine (0.3 mL), and CHCI 3 (100 mL) was cooled to 3°C and 
cyanogen (7.7 g, 0.148 mol) bubbled into the solution. After 1 h, the cooling was removed, the reaction stirred another 
3 h, and the solvent evaporated. The residue was dissolved in DMF (30 mL) and added dropwise to a solution of S2CI2 
(47.3 g, 0.35 mot) in DMF (30 mL) that was cooled in an ice-water bath. Cooling was removed, the reaction stirred 
overnight, and, after further cooling, the excess S2CI2 carefully destroyed with H2O. The mixture was diluted with HgO 
(200 mL), the aqueous solution decanted, and the sulfur residue triturated with HgO. The combined aqueous solutions 
were evaporated to a small volume (150 mL) and extracted with hexane. The aqueous solution was cooled, made 
basic with 50% NaOH, and extracted with CHCI 3 . The extracts were dried, the solvent thoroughly evaporated, the 
residue suspended in ether and filtered. Evaporation of the solvent gave a brown liquid (12.76 g), a 0.8 g sample of 
which was purified by radial chromatography (10% EtOH-1% NH 4 OH-CHCI 3 ). The exo isomer eluted first and was 
convertedtoanHCIsatt(0.1 g) that crystallized from acetone, m.p. 226°C, dec. (compound 47). Further el ution provided 
the endo isomer that crystallized as an HCI salt (0.2 g) from 2-propanol, m.p. 1 99.5-201 °C. (Compound 48). 

EXAMPLE 47 

(±)-endo-3-(4-CyarM3benzyrthio^ 

A solution of the crude mixture of (compound 47) and (compound 48) (2.3 g, 0.0094 mol) in DMF (34 mL ) was 
treated portionwise with freshly ground flaked Na 2 S-9H 2 G (3.36 g, 0.014 mol). After 2 h, the reaction was cooled to - 
30°C and treated with dropwise with 4-cyanobenzyl bromide (3.7 g, 0.0189 mol) in DMF (34 mL). The cooling was 
removed and after 1.5 h, the reaction was treated with 5 N NaOH (4 mL). The solvents were evaporated, the residue 
dissolved in a mixture of CHCI 3 and H 2 O t the CHCI 3 extract separated, and washed with H2O. The organic extracts 
were dried, the solvent evaporated, and the residue purified by radial ch romatography (5% EtOH-0.5% N H 4 OH-EtOAC) 
to give the endo isomer. The HCI salt (0.31 g) crystallized from MeOH-EtOAc-ether, m.p. 250-251 °C. (Compound 49). 

EXAMPLE 48 

3-Butvloxv-4-(3-azetidinvloxv)-1.2.5-thiadiazole 

A suspension of NaH (0.24 g, 0.006 mol) in THF (30 mL) was treated with 1-t-butylcarbamoyl-3-hydroxyazetidine 
(1.1 g, 0.006 mol), the reaction stirred 1 h, followed by addition of 3-butyloxy-4Hnethanesulfonyl-1,2,5-thiadiazole (1.0 
g. 0.0042 mol) in THF (5 mL). The reaction was heated to reflux for 4 h, the solvent evaporated, the residue treated 
with ice-water, and the mixture extracted with EtOAc. The extracts were dried and treated with a stow stream of HCI 
for 3 min. After 0.5 h, the solvent was evaporated, the residue treated with ice-water, and the solution extracted with 
ether. The aqueous phase was made basic, extracted with EtOAc, the extracts washed with brine, dried, and the solvent 
evaporated to give a clear oil. The HCI salt (0.77 g) crystallized from 2-propanol, m.p. 1 67-1 68.5*0. (Compound 50). 
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EXAMPLE 49 

3^utvtthio-4-(3-azetidinvtoxv>-1,2,5-thiadiazole 

5 A suspension of NaH (0.24 g, 0.008 mol) in THF (30 ml_) was treated with 1-t-butylcarbamoyl-3-hydroxyazetidine 

(1.6 g, 0.0092 mol): and the reaction stirred 1 h. After cooling to 8°C, S-chloro^-ethylsulfonyM^.S-thiadiazole (1.96 
g, 0.0092 mol) in THF (5 ml_) was added, the reaction stirred 30 min, cooling removed for 30 min, and the reaction 
heated to 35° C lor 45 min. Heating was removed, the reaction stirred overnight, and the solvent evaporated. The 
residue was suspended in cold water, the mixture extracted with EtOAc, the extracts washed with brine, dried, and the 

to solvent evaporated to give a tan liquid, (2.98 g). A DMF (30 mL) solution of the liquid was treated with freshly ground 
flaked Na 2 S-9H 2 0 (3.3 g, 0.0138 mol). After 1 h, 1-iodobutane (2.1 mL) was added, the reaction stirred 2 h, diluted 
with cold water, and extracted with ether. The ether was dried, the solvent evaporated, the residue dissolved in EtOAa 
and the solution treated with a stream of dry HCI for 5 min. After 1 h, the reaction was treated with icewater and the 
organic solvent evaporated. The aqueous solution was extracted with ether, made basic, and extracted with EtOAc. 

is The EtOAc extracts were dried and the solvent evaporated to give a tan liquid that was purified by radial chromatography 
(10% EtOH-1% NH 4 OH-CHCI 3 ). The HCI salt (0.41 g) crystallized from EtOAc, m.p. 138-139°C. (Compound 51). 

EXAMPLE 50 

20 (±)»tranS'3>Butyloxv-4-(2Kjimethv1aminocyclopentvloxv) -1,2, 5-th iadiazole 

A suspension of NaH (0.25 g, 0.006 mol) in THF (30 mL) was treated with (±)-trans-dimethylaminocyclopentanol 
(O S g, 0.006 mol), the reaction heated to reflux 1 h, followed by addition of 3-butyloxy-4-methanesuIfonyl-1,2,5-thia- 
diazole (1 .0 g, 0.0042 mol), and the heating continued overnight. The solvent was evaporated, the residue suspended 
25 in cold water, and the mixture acidified. The solution was extracted with ether, made basic, and extracted with EtOAc. 
The EtOAc extracts were washed with brine, dried, the solvent evaporated, and the residue purified by radial chroma- 
tography (10% EtOH-1 % NH 4 OH-CHCl 3 ). The HCI salt (0.98 g) crystallized from EtOAc, m.p. 148-1 49 a C. (Compound 
52). 

30 EXAMPLE 51 

(±)-3-ButylthK>4-(3-pvrrolidinvloxv)-1.2.5-thiadiazole 

A suspension of NaH (0.22 g, 0.009 mol) in THF (30 mL) was treated with (±)-1 -t-butylcarbamoyl-3-hydroxypyr- 
35 rolidine (1 .73 g, 0.0092 mol), and the reaction heated to reflux for 35 min. Afte r cooling to 10° C, 3-chloro-4-ethylsulfonyl- 
1,2,5-thiadiazole (1.96 g, 0.0092 mol) in THF (5 mL) was added : cooling was removed, and the reaction heated to 
35°C for 1 6 h. The reaction was diluted with H2O, ether added, and the ether extract separated. The ether extract was 
washed with HgO, dried : and the solvent evaporated to give a tan liquid, (3.05 g). A DMF (42 mL) solution of the liquid 
was treated with freshly ground flaked Na 2 S-9H 2 0 (3.3 g, 0.0138 mol). After 1 h. 1-iodobutane (3.42 g, 0.0186 mol) 
40 was added, and the reaction stirred at 40 ft C for 16 h. The solvent was evaporated, the residue diluted with cold water, 
and the mixture extracted with ether. The ether was dried, the solvent evaporated, the residue dissolved in ether, and 
the solution treated with a stream of dry HCI for 5 min. After 66 h, the reaction was treated with ice-water and the 
organic solvent evaporated. The aqueous solution was extracted with ether, made basic, and extracted with ether. The 
ether extracts were dried and the solvent evaporated to give a tan liquid that was purified by radial chromatography 
^5 (5% EtOH-0.5% NH 4 OH-CHCl3). The HCI salt (0.67 g) crystallized from EtOAc, m.p. 99-100.5°C. (Compound 53). 

EXAMPLE 52 

1-Chtoro-2-f2-thio-5>trifluoromethvrthienvl)ethane 

so 

A solution of 2-trifluoromethylthiophene (1.2 g, 0.0105 mol, J. Fluorine Chem. 1990, 46, 445-459) in THF (10 mL) 
was cooled to -40°C as 1 .6 M n-butyllithium in hexane (6.5 mL, 0.0103 mol) was added dropwise. After 2 h, the reaction 
was cooled to -78°C and S (0.32 g. 0.01 mol) was added and the reaction stirred 2 h. Cooling was removed and when 
temperature reached 0°C, the reaction was quenched with HgO and dilute NaOH. The mixture was extracted with 
ss ether, the aqueous phase acidified, and the mixture extracted with ether The final ether extracts were dried and the 
solvent evaporated to give 2 g of material. This was added to a mixture of KOH (0.6 g, 0.011 mol), N(butyl) 4 HS0 4 (0.3 
g, 0.001 mol), and 1 -bromo-2-chkxoethane (1 .4 g, 0.01 mol) in THF (20 mL) and the reaction stirred at ambient over- 
night. The mixture was poured into HgO, extracted with CHgClg, the extracts dried, and the solvent evaporated. The 
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residue was purified by flash chromatography (5% EtOAc-hexane) to give a liquid (0.42 g). (Compound 54). 

EXAMPLE 53 

5 (±V3-(2^2-Thio-5-trifluoromethyl^ 

A solution of the crude (compound 12) (0.37 g, 0.0015 mol) in DMF (8 mL) was treated portionwise with freshly 
ground flaked Na 2 S-9H 2 0 (0.41 g, 0.0017 mol). After 1 h, 1-chloro-2-(2-thio-5-trifIuoromethyllhienyl) ethane (0.42 g, 
0.0017 mol) was added and the reaction stirred overnight. The solvent was evaporated, the residue was acidified with 
io 1 N HCI, and the mixture extracted with ether. The aqueous was made basic and extracted with ether The extracts 
were dried, the solvent evaporated, and the residue purified by radial chromatography (10% EtOH-1% NH 4 OH-CHCI 3 ) 
to give a liquid. The oxalate salt (0.107 g) crystallized from 2-propanol, m.p. 65-69'C. (Compound 55). 

EXAMPLE 54 

IS 

2-(5-(2-Thienyl)thtophene)thiol 

A solution of 2-(2-thienyl)thiophene (10 g, 0.0602 mot) in THF (50 mL) was cooled to -40*C as 1 .6 M n-butyllithium 
in hexane (37.2 mL, 0.0595 mol) was added dropwise. After 2 h, the reaction was cooled to -78°C and S (1 .8 g, 0.0575 
20 mol) was added and the reaction stirred 2 h. Cooling was removed and when temperature reached 0°C, the reaction 
was quenched with H£> and dilute NaOH. The mixture was extracted with ether the aqueous phase acidified, and the 
mixture extracted with ether. The final ether extracts were dried and the solvent evaporated to give 9.9 g of material. 
(Compound 56). 

2S EXAMPLE 55 

(±)-3-(2-(5W2-Thienvl)thienvlMhioM-(1 -azabicvclor2.2.21octvl>3K3XV)>1 ,2.5-thiadiazole 

A mixture of 2-(5-(2-thienyl)thiophene)thiol (1.2 g, 0.0061 mol), potassium t-butoxide (0.5 g, 0.0045 mol), and a 
30 trace of 1B-Crown-6 in THF (90 mL) was stirred tor 1 .5 h. To the solution was added (compound 12) (1 .0 g : 0.0041 
mol) and the reaction heated to reflux overnight. The reaction was poured into H2O, extracted with ether, the extracts 
dried, and the solvent evaporated. The residue was purified by flash chromatography (5% EtOH-0.5% NH 4 OH-CHCI 3 ) 
and the oxalate salt (0.41 g) crystallized from acetone, m.p. 215°C, dec. (Compound 57). 

35 EXAMPLE 56 

1 -Ch loro-2-f 2-(5-(2-th ienvt)th ienyDthiol ethane 

Crude 2-(5-(2-thienyl)thiophene)thiol (3 g, 0.0152 mol) was added to a mixture of KOH (0.93 g, 0.0166 mol), N 
40 (butyl) 4 HS0 4 (0.51 g, 0.001 5 mol), and 1 -bromo-2-chloroethane (2.2 g, 0.0152 mol) in THF (100 mL) and the reaction 
stirred at ambient overnight. The mixture was poured tnto HgO, extracted with CH 2 CI 2 , the extracts dried, and the 
solvent evaporated to give the desired product (3.5 g). (Compound 58). 

EXAMPLE 57 

45 

(±)-3-(2-(2-(5-(2-Thienvnthienv^ 

A solution of the crude (compound 12) (0.5 g, 0.002 mol) in DMF (10 mL) was treated portionwise with freshly 
ground flaked Na 2 S-9H 2 0 (0.55 g, 0.0023 mol). After 1 h, 1-chloro-2-(2-(5-(2-thieny1)thienyl)thk))ethane (0.6 g, 0.0023 
50 mol) was added and the reaction sthred overnight The solvent was evaporated, the residue was acidified with 1 N 
HCI, and the mixture extracted with ether. The aqueous was made basic and exlracted with ether. The extracts were 
dried, the solvent evaporated, and the residue purified by flash chromatography (5% EtOH-0.5% NH 4 OH-CHCI 3 ) to 
give a liquid. The oxalate salt (0.43 g) crystallized from acetone, m.p. 102-105°C. (Compound 59). 

55 
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EXAMPLE 58 

f±>-3-f2>Tht8nvnthio)-4-f1^abtcvdcJ2.2.2loctvl-3<>xv)-1,2,5-thiadiazole 

5 A mixture of 2-thiophenethiol (0.42 g, 0.0036 mol) and KgCOg (0.59 g, 0.0043 mol). in DMF (20 mL) was heated 

at 60°C for 3 h. To the solution was added (compound 1 2) (0.39 g, 0.0036 mol) and the reaction heated overnight. The 
reaction was poured into 1 N HCI (50 mL), extracted with ether, the aqueous phase made basic, and the mixture 
extracted with EtOAc. The EtOAc extracts were dried, the solvent evaporated, and the residue purified by flash chro- 
matography (5% EtOH-0.5% NH 4 OH-CHCI 3 ). The oxalate salt (0.095 g) crystallized from acetone, m.p. 133-136°C. 

10 (Compound 60). 

EXAMPLE 59 

(±)-3-(3-N-(2-Thiazolick>nvlto^ 

16 

A solution of the crude (compound 12) (0.5 g, 0.002 mol) in DMF (10 mL) was treated portronwise with freshly 
ground flaked Na 2 S-9H20 (0.55 g, 0.0023 mol). After 1 h, l-chloro-3-N-(2^hiazolidone) propane (0.41 g, 0.0023 mol) 
was added and the reaction stirred overnight. The solvent was evaporated, the residue was acidified with 1 N HCI, and 
the mixture extracted with ether. The aqueous was made basic and extracted with ether. The extracts were dried, the 
20 solvent evaporated, and the residue purified by radial chromatography (10% EtOH-1% IMH 4 OH-CHCI 3 ) to give a liquid. 
The oxalate salt (0.14B g) crystallized from acetone-ether, m.p. 70--75°C. (Compound 61 ). 

EXAMPLE 60 

2S (±)exo-Methvh7-hvdroxv-2-azabicyclo[2.2.2|oct-5-ene-2-carboxvlate 

Asofutionof 2.1 g (8.4 mmol) methyl 7-acetoxy-7-cyano-2-azabicyclo[2.2.2]oct-5-ene-2-carboxylate (J.Orq.Chem. 
1989 : 54, 2893) in 25 mL ethanol and 5 mL H^O was cooled in an ice bath. To this mixture was added 2.4 g (42 mmol) 
KOH fallowed by 0.65 g (17 mmol) NaBH 4 . After 15 min. the ice bath was removed and the reaction was stirred for 16 
30 h. The reaction was quenched by addition of 25 mL H a O and then concentrated under vacuum. To the residue was 
added 25 mL h^O and the mixture was extracted three times with 50 mL portions of EtOAc. The combined extracts 
were dried over Nacl/Na 2 S0 4 and evaporated under vacuum. The residue was chromatographed (25% EtOAc/hexane) 
on silica gel to give 1.47 g of exo methyl 7-hydroxy-2-azabk:ycto[2.2.2]oct-5-ene-2-carboxylate and 135 mg of endo 
methyl 7-hydroxy-2-azabicycloI2.2.2]oct-5-ene-2-carboxylate. (Compound 62). 

35 

EXAMPLE 61 

f±)exo-Methvl^4ivdroxv-2-azabicvclof2.2.2]octane-2-carboxvlate 

40 A solution of 1.47 g (8 mmol) exo methyl 7-hydroxy-2-azabicyclo[2.2.2]oct-5-ene-2-carboxylate and 0.15 g 5% 

Pd/C in 50 mL methanol was hydrogenated at 50 psi on a Parr shaker for 5 h at room temperature. Removal of the 
catalyst by filtration followed by evaporation under vacuum afforded 1 .43 g. (Compound 63). 

EXAMPLE 62 

45 

(±)3-Butvtthk>^-(exo-2-methoxvcaroonv^^ 

To a solution of 1.3 g (7.1 mmol) exo methyl 6-hydroxy-2-azabicyclo[2.2.2]octane-2-carboxylate and 0.80 g (7.1 
mmol) potassium t-butoxide in 20 mL of THF was added 1.5 9 (7.1 mmol) 3-chloro-4-butyrthto-1 > 2 > 5-thiadiazole. After 
50 stirring the mixture at room temperature for 20 h. 50 mL of brine was added and the solution was extracted five times 
with 50 mL portions of EtOAc. The combined extracts were dried over NaCl/Na 2 S0 4 and evaporated under vacuum. 
Chromatography over silica gel (25% EtOAc/hexane) afforded 1.42 g. (Compound 64). 

EXAMPLE 63 

55 

(±)3-Butvlthi^4-(exo-2-azabicvclor2.2.2toct-6-vloxvM,2,5-thiadiazole 

Trimethylsilytiodide 0.70 mL (4.9 mmol) was added to a solution of 3-butylth!o-4-(exo-2-methoxycarbonyl-2-azabi- 
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cyclo{2.2.2|ocl-6-yloxy)-1 l 2 > 5-thiacIiazo!e in 10 mL of Ch^Cfe. After stirring for 5 h at room temperature, the solution 
was evaporated under vacuum. 10 mL of saturated NaHCO a was added and the solution was extracted three times 
with 20 mL portions of EtOAc. The combined extracts were dried over NaCI/Na 2 S0 4 and evaporated under vacuum. 
The residue was chromatographed over silica gel (10% EtOH, 1% NH 4 OH-CHCI 3 ) and the resulting oil converted to 
its oxalate salt. Recrystallization from EtOH/EtOAc afforded 789 mg (mp. 148-150°C). (Compound 65). 

EXAMPLE 64 

3-AmincH4-butylthio-1 ,2,5-thiadtazole 

A 1.04 g sample of 3-chtoro-4-butyKhio-1 ,2,5-thiadiazole was dissolved in 20 mL of THF and added to a 50 mL 
reaction vessel. The mixture was cooled to 0°C. A 10 mL sample of sodium bis(trimethylsilyl)amide in THF (1.0 M) 
was added dropwise to the reaction vessel. The mixture was stirred at 0 3 C. The reaction was quenched using 50 mL 
water upon desired completion of reaction. The pH of the mixture was adjusted to 2.0 using HCI. The mixture was 
stirred for 1 5 min. and then adjusted to pH = 11 using NaOK The mixture was extracted using ether. The organic layers 
were combined, dried, and filtered. The filtrate was concentrated to dryness. The resulting product was purified using 
column chromatography. Yield: 1.07 g (65%). The N.N-bisttrimethylsilyO-a-amino^-butylthio-l ,2.5-thiadiazole was 
suspended in 3N HCI and heated to about 50°C. The mixture was stirred for 3 h. The pH was adjusted to 11 using 
NaOH. The mixture was extracted using t-butylmethyl ester. The organics were combined, dried, filtered and concen- 
trated to dryness. Yield: 0.43 g (45%). (Compound 66). The process substantially as described was repeated to yield 
82% of the desired 3-amino-4-butylthio-1 ,2,5-thiadiazole. 

EXAMPLE 65 

3- Bromo-4-butylthio-1 ,2,5-thiadiazole 

A 0.42 g sample of cupric bromide, 0.23 isoamyl nitrite and 6 mL acetonitrile were added to a 25 mL reaction 
vessel. The mixture was warmed to 65°C. The acetonitrile mixture was added to a 4 mL acetonitrile solution containing 
0.30 g 4-amino-3-butylthio-1,2,5-thiadiazole. The mixture was stirred for 30 min. at 65*. The mixture was cooled to 
room temperature and quenched with 50 mL of 1 N HCI. The organic layers were combined, dried, filtered and con- 
centrated to dryness. Yield: 0.33 g (94%). The resulting material was purified using column chromatography to yield 
0.30 g (73%) of material. (Compound 67). 

The process substantially as described above was completed using copper(l) iodide (0.61 9) to provide 3-iodo- 

4- butylthk>-1 ,2,5-thiadiazole. Yield: 0.23 g (48%). (Compound 68). 

Example 66 

(±)3-(2.2.3,3.4.4.4-heptafluorobutv1o^ 

A solution of potassium r-butoxide (1 .6g, 0.0143 mol) in THF (12 mL) was treated with 2,2, 3,3.4,4, 4-hepfafluorob- 
utanol ( 2 mL, 0.016 mol). After 5 min, Compound 12 (0.75 g, 0.003 mol) was added, the reaction stirred 2 h followed 
by heating to reflux for 1.5 h. After stirring at ambient temperature overnight and heating to reflux for another 1.5 h, 
the solvent was evaporated, the residue suspended in HgO, and the mixture extracted with EtOAc. The extracts were 
dried, the solvent evaporated, and the residue purified by radial chromatography (20 % EtOH-2 % NH 4 OH-CHCI 3 ) to 
give an oil. The hydrochloride salt crystaltized from EtOAc with a half mole of h^O as a flocculent white solid (0.43 g), 
m.p. 168.5-169.5 °C. (Compound 69). 

Example 67 

(±)3-(1-Butylthio)-4-fendo--6-(1-azabicvclof3.2.l1octvloxv)l-1,2.5-thiadiazole 

A solution of potassium r-butoxide (0.62 g, 0.0055 mol) in THF (12 mL) was treated with endo-1 nazabicyclo[3.2.1 j 
octan-6-ol (0.64 g, 0.005 mol). After 5 min, 3-chloro-4-(1-butylthio)-1,2.5-thiadiazole (1.2 g, 0.0057 mol) was added. 
After stirring overnight the solvent was evaporated, the residue diluted with HgO, acidified, and extracted with ether. 
The aqueous phase was made basic and extracted with EtOAc, the extracts dried, washed with brine, dried, and the 
solvent evaporated. The residue was purified by radial chromatography (20 % EtOH-2 % NH 4 OH-CHCI 3 ). The HCI salt 
crystallized from EtOAc to give a white solid (0.68 g), m.p. 201 -202 °C dec. (Compound 70). 



37 



EP 0 709 381 A1 

Example 68 

(±>3-(3-PhenvlpropvtthtoM4endch^ 

A solution of Compound 48 (0.9 g, 0.0037 mol) in DMF (25 mL) was treated portionwise with freshly ground flaked 
Na2S-9H 2 0 (0.97 g, 0.004 mol). After 2 h, the reaction was treated with dropwise with 1 -bromo-3-phenylpropane (1.11 
g, 0.0059 mol), the reaction stirred 3.25 h, followed by dropwise addition of additional 1 -bromo-3-phenylpropane (1.11 
g. 0.0059 mol) in DMF (5 mL). After stirring overnight, the solvents were evaporated, the residue suspended in H^, 
acidified, and the mixture extracted with ether. The aqueous phase was made basic, extracted with CHC^ the extracts 
dried, and the solvent evaporated. The residue purified by radial chromatography ( MeOH :EtO Ac :NH 4 OH/1 5:30:1) to 
give an oil. The HCI salt (0.41 g) crystallized from CHC^-EtOAc-ether, m.p. 178-179 °C. (Compound 72) 

Example €9 

f±)3-f3-(4-Fluorophenv0propvtthlol-4-^ 

A solution of the crude Compound 12 (1.15 g : 0.0047 mol) in DMF (20 mL) was treated portionwise with freshly 
ground flaked Na 2 S-9H 2 0 (1.6B g, 0.007 mol). After 1 h, 1-chioro-3-(4^uorophenyl)propane (1.63 g, 0.0095 mol) in 
DMF (2 mL) was added dropwise and the reaction stirred 2.5 days. The reaction was then treated with additional 
1-chloro-3-(4-fluoropheny I) propane (0.815 g, 0.0047 mol) and warmed at 35 °C for 6 h. The solvent was evaporated, 
the residue was acidified with 1 N HCI, and the mixture extracted with ether The aqueous was made basic and extracted 
with ether. The extracts were dried, the solvent evaporated, and the residue purified by radial chromatography (MeOH: 
EtOAc:NH 4 OH/15:30:1). The HCI salt (0.19 g) crystallized from CHC^-EtO Ac-ether, m.p. 189-191 °C. (Compound73) 

Example 70 

(±)3-(3-f4-(Trffluoromethyl)phenyltoroovK^ 

A solution of the Compound 12 (1 .15 g, 0.0047 mol) in DMF (20 mL) was treated portionwise with freshly ground 
flaked NagS-gHgO (1 .68 g, 0.007 mol). After 2 h, the reaction was cooled to -35 °C, treated dropwise with 1 -bromo-3- 
[4-(trifluoromethyl)phenyl)propane (2.53 g, 0.0095 mol) in DMF (30 mL), and the reaction stined 2 h. Cooling was 
removed: reaction stirred 3.5 h ; and again cooled to -35 °C. The reaction was then treated with additional 1-bromo-3- 
[4-(trifluoromethyl)phenyl)propane (1 .75 g, 0.0043 mol) in DMF (5 mL), cooling removed, and reaction stirred over 
night. Additional 1-bromo-3-[4-(trifluoromethyl)pheny0propane (0.75 g, 0.0028 mol) in DMF (5 mL) was added and 
stirring continued for 1.5 h. The solvent was evaporated, the residue suspended in HgO, and the mixture extracted 
with ether. The extracts were dried, the solvent evaporated, and the residue purified by radial chromatography (MeOH: 
EtOAc:NH 4 OH/1 5:30:1 ). The HCI salt (0.32 g) crystallized from CHCI 3 -EtOAc-ether, m.p. 1 82-1 84 °C. (Compound 74) 

Example 71 

3-(1 -Butylamino)-4-1 (+,-)-3-(1 -azabicyclof2.2.2loctyloxvl)1-1 ,2,5-thiadiazole 

A mixture of Compound 12 (1.15 g, 0.0047 mol) and 1-butylamine (20 mL) was heated to reflux for 22 h. The 
solvent was evaporated, residue suspended in H 2 0, the mixture acidified, and extracted with ether. The aqueous phase 
was made basic, extracted with EtOAc, extracts dried, and solvent evaporated. Purification by radial chromatography 
(MeOH: EtOAc: NH4OH/1 5: 30: 1 ) and conversion to a HCI salt gave a solid partial hydrate (0.046 g), m.p. 1 93-195 °C. 
(Compound 75) 

Example 72 

Cyanogen butyloxvimide 

A solution of 1 -butanol (92 mL, 1 mol) and triethy (amine (3 mL) was cooled to -8 °C and cyanogen (58 g, 1 . 1 2 mol) 
was stowty bubbled through the solution while maintaining the temperature below 2 °C. The reaction mixture was then 
distilled at 7 mm Hg to give a clear liquid (119.4 g) b.p. 43-49 °C. (Compound 76). 
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Example 73 

3-Chtoro-4-butyloxv-1 ,2,5-thiadiazoie 

5 A solution of DMF (400 mL) and sulfur monochloride (230 mL) was cooled to 5 °C and Compound 76 (119.4 g, 

0.95 mol) was added dropwise such that the temperature did not exceed 10 °C. Cooling was removed and the reaction 
was stirred over night. The reaction was cooled in an ice-water bath and the excess sulfur monochloride destroyed by 
dropwise addition of H 2 0 such that the temperature did not exceed 30 *C. The liquid was decanted from the semi- 
solid sulfur precipitant and the sulfur residue triturated with hexane. The aqueous fraction was extracted with hexane 

io (3 X) and the combined extracts and triturants were washed with H 2 0, aqueous NaHCOg, brine, dried, and the solvent 
evaporated- The yellow liquid residue was distilled at 14 mm Hg to give a dear liquid (153 g), b.p. 120-125 °C. (Com- 
pound 77) 

Example 74 

15 

3-MethvlthH>4-butv)oxv-1,2,5-thiadia2ole 

A solution of Compound 77 (6 g, 0.031 mol) in DMF (75 mL) was rapidly stirred as ground flaked NagS-g H 2 0 (8 
g, 0.034 mol) was added. After 1 h, CH3I (3 mL 0.048 mol) was added and the reaction stirred 30 min. Ice-water (150 
20 mL) was added to the reaction and the mixture extracted with hexane (3 X). The extracts were washed with HgO (2 
X), dried and the solvent evaporated to give a clear liquid (6.04 g). (Compound 78) 

Example 75 

25 S-Methylsutfonvl^-butyloxv-I^.S-thiadiazole 

To a solution of Oxone (18.4 g, 0.03 mol) in H 2 0 (100 mL) was added dropwise Compound 78 (3 g, 0.0147 mol) 
in THF (45 mL). After stirring overnight, the organics were evaporated and the residue extracted with ether (3 X). The 
extracts were washed with H20 (2 X), dried, and the solvent evaporated. The residue was purified by radial chroma- 
30 tography eluting with 50 % EtOAc-hexane to give a clear colorless liquid (2.93 g) that solidified on standing, m.p. 39-40 
°C. (Compound 79) 

Example 76 

35 3-Methvtthk>-4-hexvloxv-1 ,2,5-thiadiazole 

A solution of S-chtoro^-hexyloxy-I^.S^riiadiazole (CA 60, 2796e, 1964) ( 1.1 g, 0.005 mol) in DMF (30 mL) was 
rapidly stirred as ground flaked Na 2 S-9 H 2 0 (1 .5 g, 0.00625 mol) was added. After stirring overnight, CH 3 I (2 mL ) was 
added and the reaction stirred 30 min. Ice-water (150 mL) was added to the reaction and the mixture extracted with 
ether (2 X). The extracts were washed with h^O (2 X), dried and the solvent evaporated to give a clear fiquid (1 .025 
g). (Compound 60) 

Example 77 

45 3-Methvlsulfonyl-4-hexvloxv-1.2,5-thiadiazole 

To a solution of Oxone (18.4 g, 0.03 mol) in H 2 0 (100 mL) was added dropwise Compound 80 (3.4 g, 0.0147 mol) 
in THF (50 mL). After stirring for three days, the organics were evaporated and the residue extracted with ether (3 X). 
The extracts were washed with H^O (2 X), dried, and the solvent evaporated. The residue was purified by radial chro- 
50 matography eluting with 50 % EtOAc-hexane to give a clear colorless liquid (3.58 g). (Compound 81 ) 

Example 78 

Cyanogen propyloxyimide 

ss 

A solution of 1 -propanol (40 mL. 0.536 mol) and trielhylamine (1 .5 mL) was cooled to -8 °C and cyanogen (36 g, 
0.69 mol) was slowly bubbled through the solution while maintaining the temperature below 2 °C. The reaction mixture 
was then distilled at 20 mm Hg to give a clear liquid ( 59 g) b.p. 63-64 °C. (Compound 82) 
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Example 79 

3-Chloro-4-propyloxY-1 ,2,5-thtadiazole 

5 A solution of DMF (180 mL) and sulfur monochforide (120 ml_, 1.5 mol) was cooled to 5 °C and Compound 82 (59 

g, 0.527 mol) was added dropwise such that the temperature did not exceed 10 °C. Cooling was removed and the 
reaction was stirred over night. The reaction was cooled in an ice-water bath and the excess sulfur monochloride 
destroyed by dropwise addition of H^D such that the temperature did not exceed 30 3 C. The liquid was decanted from 
the semi-solid sulfur precipitant and the sulfur residue triturated with hexane. The aqueous fraction was extracted with 

io hexane (3 X) and the combined extracts and tritu rants were washed with H£>, aqueous NaHC0 3 , brine, dried, and 
the solvent evaporated. The yellow liquid residue was distilled at 15 mm Hg to give a clear liquid (79.9 g), b.p. 103*106 
°C. (Compound 83) 

Exemple 60 

15 

3-MethylthH>4-propyk>xv-1 ,2.5-thiadiazole 

A solution of Compound 83 (11.1 g, 0.062 mol) in DMF (150 mL) was rapidly stirred as ground flaked Na2S-9 H^O 
(16.4 g, 0.068 mol) was added. After 1 h, CH 3 I (6 mL, 0.096 mol) was added and the reaction stirred 30 mtn. Ice-water 
so (300 mL) was added to the reaction and the mixture extracted with hexane (3 X). The extracts were washed with HgO 
(2 X), dried and the solvent evaporated to give a clear liquid (11 .02 g). (Compound 64) 

Example 81 

25 3-Methvlsuffonyl-4-propvloxv-1 ,2,5-thiadiazole 

To a solution of Oxone (20 g : 0.0325 mol) in h^O (100 mL) was added dropwise Compound 84 (3 g, 0.0158 mol) 
in THF (50 mL). After stirring overnight, the organ ics were evaporated and the residue extracted with ether (3 X). The 
extracts were washed with H 2 0 (2 X), dried, and the solvent evaporated to give a colorless oil. The residue was purified 
30 by radial chromatography eluting with 40 % EtOAc-tiexane to give a clear colorless liquid (3.09 g) that solidified on 
standing. Recrystallization from hexane gave a white solid, m.p. 30-31 *C. (Compound 85) 

Example 82 

35 Cyanogen methoxyimide 

A solution of methanol (25 mL 0.61 8 mol) and triethylamine (1 .5 mL) was cooled to -8 °C and cyanogen (38 g, 
0.73 mol) was slowly bubbled through the solution while maintaining the temperature below 2 °C. The reaction mixture 
was then distilled at 45 mm Hg to give a clear liquid ( 51 g) b.p. 48-53 *C. (Compound 86) 

40 

Example 83 

3-Chloro-4-methoxv-1 ,2,5-thiadiazole 

45 A solution of DMF (180 mL) and sulfur monochloride (1 20 mL, 1 .5 mol) was cooled to 5 *C and Compound 86 (51 

g, 0.607 mol) was added dropwise such that the temperature did not exceed 15 °C. Cooling was removed and the 
reaction was stirred over night. The reaction was cooled in an ice-water bath and the excess sulfur monochloride 
destroyed by dropwise addition of HgOsuch that the temperature did not exceed 30 °C. The solution was further diluted 
with H2O (350 mL) and steam distilled until almost all of the distillate was homogeneous. The distillate was extracted 

so with hexane (3 X) and the combined extracts washed with H 2 O p aqueous NaHC0 3 , brine, dried, and the solvent distilled 
off until the volume was 200 mL The hot mixture was filtered and cooled to give white crystals (53 g). (Compound 87) 

Example 84 

65 3-Methytthio-4-me1hoxy-1,2,5-thiadiazole 

A solution of Compound 87 (9.4 g, 0.0623 mol) in DMF (150 mL) was rapidly stirred as ground flaked Na2S-9 H 2 0 
(16.4 g, 0.068 mol) was added. After 1 h, CH 3 I (6 ml_ 0.096 mol) was added and the reaction stirred 30 mtn. Ice-water 
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(300 mL) was added to the reaction and the mixture extracted with hexane (3 X). The extracts were washed with HfeO 
(2 X), dried and the solvent carefully evaporated to give a clear liquid (4.4 g). (Compound 88) 

Example 85 

5 

3-MethylsulfcHivl-4-methoxv-1,2,5-thiadiazole 

To a solution of Oxone (34 g, 0.0552 mol) in r-^O (170 mL) was added dropwise Compound 88 (4.4 g, 0.027 mo)) 
in THF (80 mL). After stirring 5 h, the organ ics were evaporated and the residue extracted with ether (3 X). The extracts 
io were washed with H 2 0 {2 X), dried, and the solvent evaporated to give a floculant white solid. 
Recrystallization from ether gave a white solid (2.76 g), m.p. 110.5-111.5 'C. (Compound 89) 

Example 86 

15 3-Chtoro-4-pentyloxv-1 ,2,5-thiadiazole 

A solution of 1-pentanol (60 mL, 0.55 mol) and triethylamine (1.5 mL) was cooled to -8 °C and cyanogen (36 g, 
0.69 mol) was slowly bubbled through the solution while maintaining the temperature below 2 °C. The reaction was 
then stirred another hour at -5 °C then added dropwise to a solution of DMF (180 mL) and sulfur monochloride (120 

20 mL, 1 .5 moJ) that was cooled to 5 °C while maintaining the temperature of the DMF solution below 1 0 °C. Cooling was 
removed and the reaction was stirred over night. The reaction was cooled in an ice-water bath and the excess sulfur 
monochloride destroyed by dropwise addition of H 2 0 such that the temperature did not exceed 30 °C. The liquid was 
decanted from the semi-solid sulfur precipitant and the sulfur residue triturated with hexane. The aqueous fraction was 
extracted with hexane (3 X) and the combined extracts and triturants were washed with HgO, aqueous NaHC0 3 , brine, 

25 dried, and the solvent evaporated. The yellow liquid residue was distilled at 9 mm Hg to give a clear liquid (92.7 g), b. 
p. 129-135 °C. (Compound 90) 

Example 87 

30 3-Methvtthio-4-pentvtoxy-1 ,2,5-thiadiazole 

A solution of Compound 90 (12.8 g, 0.06 mol) in DMF (150 mL) was rapidly stirred as ground flaked Na2S-9 H 2 0 
(16.4 g, 0.068 mol) was added. After 1 h, CH 3 I (6 mL, 0.096 mol) was added and the reaction stirred 30 min. Ice-water 
(300 mL) was added to the reaction and the mixture extracted with hexane (3 X). The extracts were washed with F^O 
35 (2 X), dried and the solvent evaporated to give a clear liquid (12.6 g). (Compound 91 ) 

Example 88 

S-Methvlsulfonvl^-pentlyoxy-I^S-thiadiazole 

40 

To a solution of Oxone (72 g, 0.117 mol) in H 2 0 (350 mL) was added dropwise Compound 91 (12.4 g, 0.0569 mol) 
in THF (180 mL). After stirring overnight, the organ ics were evaporated and the residue extracted with ether (3 X). The 
extracts were washed with H 2 0 (2 X), dried, and the solvent evaporated to give a colorless oil. The residue was purified 
by flash chromatography eluting with 40 % EtOAc-hexane to give a clear colorless liquid (13 g). (Compound 92) 

45 

Example 89 

3-Chloro-4-ethoxv-1 ,2,5-thiadiazole 

50 a solution of ethanol (60 mL, 1 .02 mol) and triethylamine (1 .5 mL) was cooled to -8 *C and cyanogen (59 g, 1.13 

mol) was slowly bubbled through the solution while maintaining the temperature below 2 °C. The reaction was then 
added dropwise to a solution ol DMF (275 mL) and sulfur monochloride (225 mL, 2.81 mol) that was cooled to 5 °C 
while maintaining the temperature of the DMF solution below 1 0 °C. Cooling was removed and the reaction was stirred 
over night. The reaction was cooled in an ice-water bath and the excess sulfur monochloride destroyed by dropwise 

55 addition of HgO such thai the temperature did not exceed 30 °C. Additional HgO (400 mL) was added and the reaction 
internally steam distilled until the distillate was almost homogeneous. The distillate was extracted with hexane (3 X) 
and the combined extracts washed with H20, aqueous NaHCO^ brine, dried, and the solvent carefully evaporated. 
The liquid residue was distilled at 21 mm Hg to give a clear liquid (154.3 g), b.p. 88-93 °C. (Compound 93) 
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3-Methylthto4-ethoxv-1 .2,5-thiadiazole 

5 A solution ol Compound 93 (16.5 g, 0.1 mol) in DMF (250 mL) was rapidly stirred as ground flaked NagS-9 H 2 0 

(27 g, 0.113 mol) was added. After 1 h, CH 3 I (9.5 mL, 0.153 mol) was added and the reaction stirred 1 h. Ice-water 
(400 mL) was added to the reaction and the mixture extracted with hexane (3 X). The extracts were washed with HgO 
(2 X), dried and the solvent evaporated to give a clear liquid (12.5 g). (Compound 94) 

10 Example 91 

S-MethylsuffonyM-ethoxy-I^S-thiadiazole 

To a solution of Oxone (90 g, 0.1 46 mol) in H^O (435 mL) was added dropwise 19 (12.5 g, 0.071 mol) tn THF (220 
is mL). After stirring overnight, the organics were evaporated and the residue extracted with ether (3 X). The extracts 
were washed with HgO (2 X), dried, and the solvent evaporated to give a white solid. Recrystallization from ether gave 
a white solid (9.9 g) ; m.p. 94-95 °C. (Compound 95) 

Example 92 

20 

3-Chloro-4-(4-methvlpentv1oxv)-1,2,5-thradiazo{e 

A solution of 4-methyfpentan-1 -ol (25 mL, 0.245 mol) and triethylamine (1 mL) was cooled to -8 °C and cyanogen 
(14 g, 0.27 mol) was slowly bubbled through the solution while maintaining the temperature below 2 "C. The reaction 

25 was then stirred another hour at -5 °C then added dropwise to a solution of DMF (75 mL) and sulfur monochloride (49 
mL) that was cooled to 5 °C while maintaining the temperature of the DMF solution below 1 0 °C. Cooling was removed 
and the reaction was stirred over night. The reaction was cooled in an ice -water bath and the excess sulfur monochloride 
destroyed by dropwise addition of H20 such that the temperature did not exceed 35 °C. The liquid was decanted Irom 
the semi-solid sulfur precipitant and the sulfur residue triturated with hexane. The aqueous fraction was extracted with 

30 hexane {3 X) and the combined extracts and tritu rants were washed with hyD, aqueous NaHC0 3 , brine, dried, and 
the solvent evaporated. The yellow liquid residue was distilled at 4.5 mm Hgto give a clear liquid (40.45 g), b.p. 120-124 
°C. (Compound 96) 

Example 93 

35 

3-Methvlthto-4-(4-methvlpentvloxy)-1,2,5-thEadazole 

A solution of Compound 96 (22 g : 0.1 mol) in DMF (250 mL) was rapidly stirred as ground Raked Na2S-9 H 2 0 (27 
g, 0 .113 mol) was added. After 1 h, CH 3 I (9.5 mL, 0.153 mol) was added and the reaction stirred 30 min. Ice-water 
40 (300 mL) was added to the reaction and the mixture extracted wilh hexane (3 X). The extracts were washed with HgO 
(2 X), dried and the solvent evaporated to give a clear liquid (21 .6 g). (Compound 97) 

Example 94 

*5 3-Methvlsulfonvl-4-(4-methvlpentvloxv)-1.2 ! 5-thiadiazole 

To a solution of Oxone (1 19 g, 0. 1 93 mol) in H 2 0 (600 mL) was added dropwise Compound 97 (21 .6 g, 0.093 mol) 
in THF (300 mL). After stirring overnight, the organics were evaporated and the residue extracted with ether (3 X). The 
extracts were washed with H2O (2 X), dried, and the solvent evaporated to give a colorless oil. The residue was purified 
50 by HPLC (8 L gradient, hexane to 40 % EtOAc-hexane) to give a clear colorless liquid (19.7 g). (Compound 98) 

Example 95 

3-(1-Butytoxv)^fendo-(+,-)-6-(1-azabicvclor3.2.l|octvloxv)] -1 ,2.5-thiadiazole 

ss 

A solution of potassium f-butoxide (0.62 g, 0.0055 mol) in THF (12 mL) was treated with endo-f+.-M -azabicyclo 
[3.2.1]octan-6-ol (0.64 g, 0.005 mol). After 5 min, 3-chtoro-4-(1-butyfoxy)-1,2,5-thiadiazole (1.5 g, 0.0072 mol) was 
added. After stirring overnight, the solvent was evaporated, the residue diluted with HgO, acidified, and extracted with 
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ether. The aqueous phase was made basic and extracted with EtOAc. the extracts dried, washed with brine, dried, 
and the solvent evaporated. The residue was purified by radial chromatography (20 % EtOH-2 % NH 4 OH-CHCI 3 ). The 
HCI salt crystallized from EtOAc to give a white solid (0.21 g), m.p. 172-173 °C dec. (Compound 71) 

s Example 86 

(±)-3-(2-Methytihkrethyl)-4-n-azabic^ 

A solution of 3-(2-methylthioethyl)-4-hydroxy1 ,2,5-thiadiazole (0.45 g) and triphenylphosphine (0.7 g) was cooled 
10 in ice-water as diethyldiazodrcarboxylate (0.4 mL) was added dropwise. After addition, (±)-l -azabicyclo[2.2.2)octan- 
3-ol (0.33 g) was added, cooling removed, and reaction stirred for 1 hour. The solvent was evaporated, residue sus- 
pended in water, the mixture acidified and washed with ether. The aqueous solution was made basic and extracted 
with EtOAc. The extracts were dried, the solvent evaporated, the residue purified by radial chromotography eluting 
with 10%-EtOH-1%-NH 4 OH-CHCI 3 , and Ihe product converted to a HCI salt. Recrystaltization from acetone gave 0.6 
is g white crystals, m.p. 177-178 °C. (Compound 99). 

The following compounds were synthesized in substantially the same manner as Compound 99. 

Example 97 

20 (±)-3-(1-Azabicvclof2.2.2loctyl-3-oxv)-1.2.5-thiadiazole 

A sample of S-Hydroxy-I^S-thiadiazole (0.2B g), triphenylphospine (0.7 g) : diethyldiazodtcarboxylate (0.4 mL}, 
and (±)-1-azabicycio[2.2.2]octan-3-o) (0.33 g) gave the hydrochloride salt of (±)-3-(1-azabicyclo[2.2.2]octyl-3-oxy)- 
1.2,5-thiadiazolB, m.p. 240 °C dec. (0.36 g). (Compound 100). 

25 

Example 98 

f±)-3-Hexyl-4-f 1 -azabicvclor2.2.2toctvl-3-oxv)-1 ,2.5-thiadiazote 

30 a sample ol 3-Hexyl-4-Hydroxy-1 ,2,5-thiadiazole (0.93 g) : triphenylphospine (1.31 g), diethyldiazodicarboxylate 

(0.8 mL), and (±)-1-azabicyclo[2.2.2Joctan-3-ol (0.64 g) gave the hydrochloride salt of (±)-3-hexyl-4-(1 -azabicyclo 
[2.2.2]octyl-3-oxy)-1,2,5-thadiazole, m.p. 163-164 °C dec. (1.11 g). (Compound 101). 

Example 99 

35 

(±)-3-Butv{sulfonvJ>4-(1-azabicyclof2.2.21octvl-3-oxv)-1,2.5-thiadiazoie 

A solution of potassium <-butoxide (1.2 g) in THF (50 mL) was treated with (±)-1-azabicycto[2.2.2]octan-3-ol (1.3 
g). After 10 min, the reaction was cooled in ice -water and Compound 1 (2.3 g) was added in one portion. Cooling was 

40 removed and after two hours the solution was heated to reflux for 4 hours. The solvent was evaporated, residue sus- 
pended in water, the mixture acidified and extracted with ether. The aqueous fraction was made basic and extracted 
with EtOAc. The extracts were washed with water brine, dried, and the solvent evaporated to give Compound 14 (1 .95 
g). The oil was dissolved in dilute 0.5 N HCI (17 mL), cooled in ice-water, and a solution of Oxone (6 g) in water (25 
mL) was added over 5 min. Cooling was removed and after 4 hours excess oxidizing agent was destroyed with NaHSO^. 

*s The reaction was cooled in ice-water, made basic with 5 N NaOH, and extracted with EtOAc. The extracts were washed 
with brine, dried, and the solvent evaporated to give (±)-3-butylsuffonyl-4-(1-azabicyclo[2.2.2]octyl-3-oxy)-1 ,2.5-thia- 
diazole as a yeflowoil (1.6 g). The HCI salt crystallized from 2 -propanol as a white solid, m.p. 180-181 °C. (Compound 
102) 

50 Example 100 

f±)-3-Propylsulfonvl-4-(1 -azabicvdof2.2.2loctvl-3oxv>-1 .2.5-thiadiazole 

Using substantially the same procedure as for Compound 102, (±)-1-azabicyclo[2.2.2]octan-3-ol (4 g) and Com- 
ss pound 37 (4.9 g) gave (±)-3-propylsulfonyl-4-(1-azabicyclo[2.2.2]octyl-3-oxy)-1,2,5-thiadiazole (4.2 g) as a tan liquid 
that solidified on standing, m.p. 77-78 °C. (Compound 103). 
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Example 101 

f±V3-f4,4.4-Trifluorobutvloxvl-4'f 1 -azabicycloI2.2.2loctyl-3-oxv)-1 ,2,5-thiadiazole 

A solution of 4,4,4-trifluorobutanol (0.75 g) in THF (20 mL) was cooled to 0 °C and potassium t-butoxide (0.65 g) 
was added. After 5 min, a solution of Compound 102 (0.6 g) in THF (5 mL) was added and the reaction stirred one 
hour. The reaction was quenched with 5N HCI (1.5 mL) and the solvent evaporated. The residue was suspended in 
water and extracted with ether. The aqueous phase was made basic and extracted with EtOAc. The extracts were 
dried, the solvent evaporated, and the residue purified by radial chromotography eluting with 20%-EtOH-1%-NH 4 OH- 
CHCI 3 to give a clear oil. The HCI salt was recrystallized from EtOAc-ether to give a white solid, rap. 1 22-1 24 *C (0.43 
g). (Compound 104). 

The following compounds were prepared in substantially the same manner: 

Example 102 

(±>-3-(2-butynvloxv)-4-n -azabicvclof2.2.21octvl-3-oxv)-1 ,2,5-thiadiazole 

Using substantially the same procedure used in the preparation Compound 104, 2-butynol (0.45 g) and Compound 
102 (0.6 g) gave after chromatography, (±)-3 -(2-butynyloxy)-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5- thiadiazole (0.45 
g) as an HCI salt that crystallized from 2-propanol, m.p. 200-201 °C. (Compound 105) 

Example 103 

(±)-3-(Cyclopropvlmethoxyl-4-(1 ^azabicyck>f2.2.2loctvl-3-oxv)-1 ,2,5-thiadiazole 

Using substantially the same procedure used in the preparation Compound 104, cyclopropylmethanol (0.5 mL) 
and Compound 1 02 (0.6 g) gave after chromatography, (±)-3-(Cyclopropylmethoxy)-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)- 
1 ,2,5-thiadiazole (0.49 g) as an HCI salt that crystallized from acetone, m.p. 217-218 °C. (Comound 106) 

Example 104 

(±)>3-(3-PhenvtoropvnvtoxvV4'n-azabicvclof2.2.21octvl-3-oxv>-1,2,5-thiadiazole 

Using substantially the same procedure used in the preparation of Compound 104, 3-phenylpropynol (0.85 g) and 
Compound 102 (0.66 g) gave after chromatography (±)-3-(3-phenylpropynyloxy)-4-(1-azabicyclo[2.2.2]octyl-3-oxy)- 
1,2,5-thiadiazole as an HCI salt (0.66 g) that crystallized from ether-CHCI 3l m.p. 184-186 °C. (Compound 107) 

Example 105 

r±)-3-(3-Bulenvloxv)-4-n-azabcvclor2.2.2loctvl-3-oxv)-1.2,5-thiadiazole 

Using substantially the same procedure used in the preparation Compound 104, 3-butenol (0.5 mL) and Compound 
102 (0.6 g) gave after chromatography, (±)-3-(3-butenyloxy>-4-(1-azabicyclo[2. 2. 2]octyl-3-oxy)- 1,2, 5-thiadiazole (0.47 
g) as an HCI salt that crystallized from acetone, m.p. 198-199 °C. (Compound 108). 

Example 106 

(±)-3-(frar?s-2-Bu1enyloxv)-4-(1-azabicvclof2.2.21octyl-3-oxvl-1 ; 2,5-thiadiazol9 

Using substantially the same procedure used in the preparation Compound 104, frans-2-butenol (0.45 g) and 
Compound 102 (0.6 g) gave after chromatography,(±)-3-(frarTs-2-butenyloxy)-4-(1-azabicyclo[2.2.2]octyl-3-oxy)- 
1 ,2,5-thiadiazole (0.51 g) as an HCI salt that crystallized from 2-propanol, m.p. 182.5-184 °C. (Compound 109). 

Example 107 

(±)-3-(CTS-2-Butenvtoxv)-4-n -azabicvclof2.2.2loctvl-3-oxv)-1, 2,5-th iadiazole 

Using substantially the same procedure used in the preparation Compound 104, c/s-2-butenol (0.45 g) and Com- 
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pound 102 (0.5 g) gave after chromatography, (±)-3-(c^ 

azote (0.34 g) as an HCI sail that crystallized from acetone, m.p. 178-179 °C. (Compound 110). 
Example 106 

f±)-3-(2-Methoxve1hoxy)^-(1 -azabicyctor2.2.2ioctv»-3-oxy)-1 ,2,5-thiadiazole 

Using substantially the same procedure used in the preparation Compound 104, 2-methoxyethanol (0.45 g) and 
Compound 102 (0.5 g) gave after chromatography,(±)-3-(2-methoxyethoxy)-4-(1-azabicyclo[2.2.2|octyl-3-oxy)- 
1.2,5-thiadiazole (0.32 g) as an HCI salt that crystallized from acetone, m.p. 131-134 °C. (Compound 111). 

Example 109 

(±)-3-(24 3 henoxvethoxv)>4'n-a^abicvclo|2.2.21octvl-3-oxv)-1,2,5-thiadiazole 

Using substantially the same procedure used in the preparation of Compound 104, 2-phenoxyethanol (0.55 g) and 
Compound 102 (0.4 g) gave (±)-3-(2-phenoxyethoxy)-4-(1 -azabtcycfc>[2.2.2]octyl-3«oxy)-1 ,2,5-thiadiazole as an HCI 
salt (0.43 g) that crystallized from ether-CHCI 3 , m.p. 213-215 °C. (Compound 112). 

Example 110 

(±)-3-(3-Butynoxv)-4-( 1 -azabicyclof Z2. 21octyl-3-oxy)-1 ,2,5-thiadiazole 

Using substantially the same procedure used in the preparation of Compound 104, 3-butynol (0.27 g) and Com- 
pound 102 (0.4 g) gave after chromatography (±)-3-(3-butynoxy)-4-(1 -azabicyclo[2. 2. 2Joctyl-3-oxy)-1 ,2,5-thiadiazole 
as an HCI salt (0.19 g) thai crystallized from ether-CHCI^, m.p. 207-208 °C. (Compound 113). 

Example 111 

(±)-3-(2-cyclopropylethoxv)-4-( 1 -azab icyc lo[2. 2 .21octyl-3-oxy)- 1 , 2, 5-th iadiazole 

Using substantially the same procedure used in the preparation Compound 104, 2-cyclopropylethanol (0.52 g) 
and Compound 102 (0.5 g) gave after chromatography, (±)-3-(2-cyclopropylelhoxy)-4-(1-azabicyclo[2.2.2]octyl-3-oxy)- 
1 ,2,5-thiadiazole (0.48 g) as an HCI salt that cryslalfized from acetone, m.p. 192-193 °C (Compound 114). 

Example 112 

(±)-3-(2-(Methvlthio)e1hoxv)-4-M-azabic^ 

Using substantially the same procedure used in the preparation Compound 104, 2-(methyjthio)ethanol (0.52 mL) 
and Compound 1 02 (0.5 g) gave after chromatography (+)-3-(2-(methylthio)eihoxy)-4-(l-azabicyclo[2.2.2Joctyl-3- oxy)- 
1,2,5-thiadiazole (0.4 g) as an HCI salt that crystallized from acetone, m.p. 187-1BS P C. (Compound 115) 

Example 113 

(±)-3-(3-ChtoropropoxvM-n-azabk^ctof2^ 

Using substantially the same procedure used in the preparation Compound 104, 3-chloropropanol (0.5 mL) and 
Compound 102 (0.4 g) gave after chrcwT«tography,(±)-3-(3-chtoropropoxy)^-(1-a^abicyclo(2.2.2]octyl-3-oxy)- 
1 ,2,5-thiadiazole (0.25 g) as an HCI salt that crystallized from acetone-EtOAc, m.p. 167-168 °C. (Compound 116). 

Example 114 

(±)-3-(4-Fluorobutyloxv)-4-(1 -azabicvclof2.2.2loctvl-3-oxv)-1 ,2. 5-th iadiazole 

Using substantially the same procedure used in the preparation Compound 104, 4-fluorobutanol (0.6 g) and Com- 
pound 102 (0.4 g) gave after chromatography l (±)-3-(4-fluorobutyloxy)-4-(1-azabicyclo[2.2.2Joctyl-3-oxy)-1 ,2,5-thiadi- 
azole (0.34 g) as an HCI salt thai crystallized from acetone-EtOAc, m.p. 180.5-181.5 °C. (Compound 117). 
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Example 115 

(±V3-(244-Chlctfophenoxvflethoxvy^^ 

Using substantially the same procedure used in the preparation of Compound 104, 2-<4-chlorophenoxy)ethanol 
(0.77 g) and Compound 102 (0.4 g) gave after chromatography (±)-3-(2-[4-chlorophenoxyJethoxy)-4-(1-azabicyclo 
[2.2.2)octyl-3-oxyH ,2,5-thiadiazole as an HCI salt (0.44 g) that crystallized from ether-CHCI 3 , m.p. 224-226 °C. (Com- 
pound 118). 

Example 116 

(±)-3-(3-f2'Methoxv-5-pvridvnpropyloxy)-4-(1-azabicvclo[2.2 .2loctyl-3-oxy)-1 ,2,5-thiadiazole 

Using substantially the same procedure used in the preparation of Compound 104, 3(2-methoxy-5-pyridyl)propanol 
(0.75 g) and Compound 102 (0.4 g) gave after chromatography (±)-3-(3-[2-methoxy-5-pyridyl]propyloxy)-4-(1-azabi- 
cyclo[2.2.2]octyl-3-oxy) -1 ,2,5-thiadiazole as an HCI salt (0.48 g) that crystallized from ether-CHCI^ m.p. 148-150 *C. 
(Compound 119). 

Example 117 

f±V3-(/rans-3<:htoro-2-propenvloxvM 

Using substantially the same procedure used in the preparation Compound 1 04 except that the reaction was con- 
ducted at -15 °C, frar7s-3-chloro-2-propenol (0.5 g) and Compound 102 (0.4 g) gave after chromatography, (±)-3-( fra^s- 
3-chloro-2-prc*>enyloxy)-4-(1-azab^ (0.33 g) as an HCI salt that crystallized 

from acetone, m.p. 176.5-177.5 °C. (Compound 120). 

Example 118 

(±)-3-(2-f4-F!uoropherwxvlethoxy)^ 

Using substantially the same procedure used in the preparation ol Compound 104, 2-(4-fluorophenoxy)ethanol 
(0.53 g) and Compound 102 (0.4 g) gave after chromatography (±)-3-(2-[4-fluorophenoxy]ethoxy)-4-(1-azabicyclo 
[2.2.2]octyK3-oxy)-l ,2,5-thiadiazole as an HCI saft (0.43 g) that crystallized from ether-CHCI 3 , m.p. 187-189 a C. (Com- 
pound 121). 

Example 119 

(±)-3-(4-Pentenyloxv)-4-n -azabicvclof2.2.21octvl-3<>xvH ,2,5-thiadiazole 

Using substantially the same procedure used in the preparation Compound 104, 4-pentenol (0.6 mL) and Com- 
pound 102 (0.4 g) gave after chronrtatc^raphy,(+}-3-(4-pentenyto^ 

zole (0.37 g) as an HCI salt that crystallized from EtOAc, m.p. 165-166 °C. (Compound 122). 
Example 120 

(±)-3-(3-Fluoropropvloxv)-4-(1-azabicyclo|2.2.2)oclvl-3-oxv)-1 ,2,5-thiadiazole 

Using substantially the same procedure used rh the preparation Compound 104, 3-fluoropropanol (0.4 g) and 
Compound 102 (0.4 g) gave after chromatc^raphy,(±>-3-(3-fluoropropyloxyMM1-azabicycto[2.2.2]octyl-3-oxy)- 
1 ,2,5-thiadiazole (0.3 g) as an HCI salt that crystallized from acetone, m.p. 206-207 °C. (Compound 123). 

Example 121 

(±)-3-(Cvctobutvlmethoxv)-4-(1 -azabicyclof2.2.21octvl-3-oxv)-l .2,5-thiadiazole 

Using substantially the same procedure used in the preparation Compound 104, cyclobutylmethanol (0.6 mL ) and 
Compound 102 (0.4 g) gave after chromatography,(±)-3-(cyclctoutylmethoxy)^-(1-azabicyclo(2.2.2]octyl-3-oxy)- 
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1,2,5-thiadiazole (0.33 g) as an HCI salt that crystallized from acetone, m.p. 212-213 °C. (Compound 124). 
Example 122 

(±)-3-(3,3,3.2,2-PentanuoropropyloxyM^^ 

Using substantially the same procedure used in the preparation of Compound 104, 3,3,3,2,2-heptafluoropropanol 
(0.69 g) and Compound 102 (0.4 g) gave after chromatography (±)«3-<3.3,3,2,2-heptafluoropropyloxy)-4-(1 -azabicyclo 
[2.2.2loctyh3-oxy)-1,2,5-thiadiazoleasan HCI salt (0.44 g) that crystallized from ether-CHCI 3 , m.p. 165-186 9 C. (Com- 
pound 125). 

Example 123 

(±V3-(24Phenvlth»1ethoxvM-n-^ 

Using substantially the same procedure used in the preparation of Compound 104 : 2-(phenylthio)ethanol (0.71 g) 
and Compound 102 (0.4g) gave after chromatography (±)(3-(2-[phenylthb]ethoxy>-4-0 -azabicyclo[2.2.2joctyl-3-oxy)- 
1 ,2,5-thiadiazole as an HCI salt (0.37 g) that crystallized from ether-CHC^, m.p. 1 87-189 °C. (Compound 126). 

Example 124 

f±)-3-(241-NapthytoxvtethoxY)-4-(V 

Using substantially the same procedure used in the preparation of Compound 104, 2-(1 -napthyloxy)ethanol (0.839 
g) and Compound 102 (0.4 g) gave after chromatography (±)-3-(2-|1-napthyloxy]ethoxy)-4-(1-a2abicyclo[2.2.2]octyl- 
3-oxy)-1 ,2,5-thiadiazole as an HCI salt (0.51 g) that crystallized from ether-CHCI 3 , m.p. 223-225 °C. (Compound 127). 

Example 125 

(±)-3-(244-BrorTC>phenoxvlethoxy)-4-(1-a^ 

Using substantially the same procedure used in the preparation of Compound 104, 2-(4-bromophenoxy)ethanol 
(0.97 g) and Compound 102 (0,4 g) gave after chromatography (±)-3~(2-[4-bromophenoxy)ethoxy)-4-(1 -azabicyclo 
(2.2.2]octyl-3oxy)-1 ,2,5-thiadiazole as an HCI salt (0.53 g) that crystallized from ether-CHCI 3> m.p. 223-224 »C. (Com- 
pound 128). 

Example 126 

(±)-3-f2-HvdroxvethoxvM-(1'azab4cycfof2.2.2loctvl-3-oxv)-1,2,5-thiadiazole 

A solution of ethylene glycol (9 mL) and potassium f-buioxide (1 .5 g) was treated with Compound 102 (0.8 g). After 
stirring over night, the reaction was heated to 55 °C for 1 h. The reaction was then cooled, diluted with water, and 
extracted with EtOAc. The extracts were washed with brine, dried, and the solvent evaporated to give a clear liquid. 
The liquid was purified by radial chromatography eluting with 20%-EtOH-2%-NH 4 OH-CHCI 3 and then crystallized from 
etherto give a white solid (0.45 g), m.p. 119.5-120.5 °C. (Compound 129) 

Example 127 

3-Butvlthio-4-hvdroxv-1 ,2.5-thiadiazofe 

A solution of Compound 1 (20.9 g), DMSO (20 mL) and 2N NaOH (205 mL) was headed to reflux overnight. The 
solution was cooled to 15 °C and concentrated HCI was added until the pH was 1. The solid was collected, washed 
with water, and dried to give a solid (17.68 g). Recrystallization from heptane gave white crystals, m.p. 72-72.5 °C. 
(Compound 130). 
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Example 128 

f±)exo-3-Butvtthio^H 1 -azabtcvclof2.2. 1 1heptvl-3-oxv)- 1 .2. 5-thiadiazole 

A solution ol triphenylphosphine (0.7 g) and Compound 130 (0.5 g) in THF (20 mL) was cooled in ice-water. Diethyl 
diazodicarboxylate (0.4 mL) was added dropwise followed by addition of (±)enck><3-nydroxy-1-azabicyclol2.2.1]hep- 
tane (0.29 g). Cooling was removed and after 1 h the solvent was evaporated. The residue was suspended in cold 
water, acidified, and extracted with ether. The aqueous fraction was made basic and extracted with EtOAc. The extracts 
were dried, the solvent evaporated, and the residue purified by radial chromatography e luting with 5%-EtOH-0.5% 
NH 4 OH-CHCI 3 to give a clear oil. The HCI salt crystallized from EtOAc as white crystals (0.44 g), m.p. 147-148 °C. 
(Compound 131). 

Example 129 

(±)-3-(2-f3-n ,2,5-Thiadiazovtoxv)1ethoxy)-4-n nazabicvclo[2.2.2loctvl-3-oxy)-1 .2. 5-thiadiazole 

A solution of triphenylphosphine (0.35 9) and 3-hydroxy-1.2 ; 5-thiadiazole (0.14 g) in THF (15 mL) was cooled in 
ice-water. Diethyl diazodicarboxy late (0.21 g) was added dropwise followed by <±)-3-(2-hydroxyethoxy)-4-(1 -azabicycto 
[2.2.2)octyl-3-oxy)-1 ,2,5-thtadiazole (0.35 g). Cooling was removed, reaction was stirred 1 h, and the solvent was evap- 
orated. The residue was suspended in cold water, acidified, and extracted with ether The aqueous fraction was made 
basic and extracted with EtOAc. The extracts were washed with brine, dried, the solvent evaporated, and the residue 
purified by radial chromatography eluting with 10%-EtOH-1% NH 4 OH-CHCI 3 to give a clear oil. The HCI sail crystallized 
from acetone as a white powder (0.34 g), m.p. 178-179 3 C . (Compound 132). 

Example 130 

(±>-exo-3-Butvtoxv-4-(7-azabicvclo[2.2.nheptvl-3'Oxv)-1,2,5-thiadiazole 

A solution of exo-7-azabicyclo[2.2.1]heptan-3-ol (0.4 g)(Rel. J. Org. Chem. 1994, 59, 1771) in THF (25 mL) was 
cooled in ice-water and treated dropwise with 1 .6 M n-toutyllithium in hexane (3.5 mL). Cooling was removed and, after 
15 min, compound 79 (0.55 g) was added. After another 45 min, the reaction was heated to reflux over night. The 
solvent was evaporated, the residue suspended in water, the mixture acidified, and extracted with ether. The aqueous 
fraction was made basic and extracted with EtOAc. The extracts were dried, the solvent evaporated, and the residue 
purified by radial chromatography eluting with 5%-ElOH-0.5% NH 4 OH-CHCI 3 then 10%-EtOH-1% NH 4 OH-CHCI 3 to 
give a clear oil. The HCI salt crystallized from EtOAc-ether as floculant white crystals (0.4 g) : m.p. 116-117 °C. (Com- 
pound 133). 

Example 131 

(±)-3-Butvloxv-4-(3-piperidinyloxy) -1 ,2,5-lhiadiazole 

A suspension of (±)-3-hydroxypiperidine hydrochloride (0.5 g) in THF (20 mL) was treated dropwise with 1.6 M n- 
butyllithium in hexane (4.6 mL). After 1 h, compound 79 (0.6 g) was added and the reaction was heated to reflux for 

6.5 h. The solvent was evaporated, the residue suspended in cold water, acidified, and extracted with ether. The aque- 
ous fraction was made basic and extracted with CHCI 3 . The extracts were dried, the solvent evaporated, and the 
residue purified by radial chromatography eluting with 10%-EtOH-1% NH 4 OH-CHCI 3 to give a clear oil. The HCI salt 
crystallized from EtOAc as a white solid (0.38 g), m.p. 124-125 *C. (Compound 134). 

Example 1 32 

3-Butvloxv-4-(c/s-tff-2-aminocvclopentanoxv>-1 .2, 5-thiadiazole 

A suspension of c/s-/fl-2-aminocyclopentanol hydrochloride (0.35 g) in THF (25 mL) was cooled in ice-water as 

1 .6 M n-butyllithium in hexane (3.2 mL) was added. Cooling was removed and after 30 min, compound 79 (0.3 g) was 
added and the reaction was heated to reflux for 1 h. Additional compound 79 (0.3 g) was added and the reaction heated 
to reflux over night. The solvent was evaporated, the residue suspended in ice-water, acidified, and extracted with 
ether. The aqueous fraction was made basic, extracted with CHCIg, the extracts dried, the solvent evaporated, and 
the residue purified by raidal chromatography eluting with 10%-EtOH-1% NH 4 OH-CHCI 3 to give a straw colored oil. 
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The HCI salt crystallized ether as a tan solid (0.19 g), m.p. 105-106.5 °C. (Compound 135). 
Example 133 

(±)-endo-3-Hexyloxy-4-(1 -azabicyclof3.2. 1 1octyl-6-oxv)-1 ,2,5-thiadiazole 

A solution of potassium tert-butoxide (0.65 g) in THF (1 5 mL) was treated with (±)-endo-1-azabicyclo[3.2. 1]octan- 
6-ol (0.64 g). After 10 min, 3-chloro-4-hexyloxy-1 ,2,5-thiadiazole (1 .4 g) was added and the reaction stirred lor 3 days. 
The solvent was evaporated, the residue suspended in ice-water, the mixture acidified, and extracted with ether. The 
aqueous fraction was made basic, extracted with EtOAc, the extracts dried and the solvent evaporated. The residue 
was purifed by radial chromatography e luting with 20%-EtOH-2%-NH 4 OH-CHCI 3 to give a clear oil (0.5 g). The HCI 
salt crystallized from EtOAc to give a white solid, m.p. 160-161 *C. (Compound 136). 

The resolved enantiomers of endo-1-azabicyclo{3.2.J)octan-6-ol were obtained by the reduction of the resolved 
ketones (reference the Novo patent) as described in reference- 
Example 134 
(5S,6S)-e/3d(>3-Butv[mio^ 

A solution of potassium tert-butoxide (0.65 g) in THF (25 mL) was treated with (5S,6S;-endo-lnazabicyclo[3.2.1] 
octan-6-ol (0.65 g). After 5 min, the reaction was cooled in ice-water and compound 1 (1 .2 g) was added. Cooling was 
removed and the reaction was stirred over night. The solvent was evaporated, the residue suspended in ice -water, 
and the mixture acidified and extracted with ether. The aqueous fraction was made basic, extracted with EtOAc : the 
extracts dried, the solvent evaporated, and the residue purified by radial chromatography e luting with 20%-ElOH-2% 
NH 4 OH-CHCI 3 to give an oil. The HCI salt crystallized from EtOAc as floculant white crystals (0.59 g), m.p. 201 °C, 
[afo = 11.44 ° (EtOH). (Compound 137). 

Example 135 

f5ff,6fl>endc~3-BuWlthio-4-(1-azabicvclo^^ 

Using the procedure described for the preparation of Compound 137, {5R, 6R) -endo-1-azabicyclo[3.2.1]oclan- 
6-oJ (0.65 g), potassium tert-butoxide {0.65 g) and compound 1 (1.2 g) gave floculant white crystals of the HCI salt of 
334559 (0.62 g). m.p. 201-202 °C, [cc) D = -12.33 3 (EtOH). (Compound 138) 

Example 1 36 

1 -Azabicvck>r4.3.01nona-6,8-diene-5-one 

A solution of Elhyl-4-<N-pyrroto)butanoate (ref. Tetrahedron Letters 1994, 35, 3905) (3.64 g) rn CH 2 CI 2 (400 mL) 
was treated dropwise with 1 M BBr 3 in CH 2 CJ 2 (60 mL). After 30 min, the reaction was quenched with water (50 mL) 
and neutralized with aqueous NaHCO a . The organ ics were separated, washed with aqueous NaHC03, brine, dried, 
and the solvent evaporated. The residue was purified by hplc using a 10%-EtOAc-hexane to 30% EtOAc-hexane 
gradient to give an oil (5.2 g). (Compound 139). 

Example 137 

(±)-cis + frans-1-Azabicyclof4.3.01nonan-5-ols 

A mixture of Compound 139 (5.2 g), 5% Rh/A\^D 3 (1 .3 g), in EtOH (95 mL) was treated with H 2 at 60 psi for 2 h. 
Another aliquote of 5% Rh/Al 2 0 3 (1.3 g) was added and hydrogenation was continued over night. The catalyst was 
removed and solvent evaporated to give an oil (4.2 g) that had appropriate mass spectrum for the alcohols, m/e - 141 . 
(Compound 140). 
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Example 138 

(±Hrans-3-ButvfthkM-n-azabicvcW 

s A solution of Compound 140 {0.7 g) in THF (20 mL) was treated with potassium tert-butoxide (0.6 g). After 5 min, 

compound 1 (1.1 g) was added, the reaction stirred 1 h, then heated to reflux 1 h. The solvent was evaporated, the 
residue suspended in tee-water, and the mixture acidified. After extracting with ether, the aqueous fraction was made 
basic and extracted with EtOAc. The EtOAc extracts were dried, the solvent evaporated, and the residue purified by 
radial chromatography eluting with 5%-EtOH-0.5% NH 4 OH-CHCl 3 to give an oil. The HCI salt crystallized from EtOAc 

10 as a white solid (0.21 g), m.p. 1 62-163 °C. (Compound 141). 

Example 139 

(±)-c<s-3-Butvlthio-4-(1 -azabtcvclol4.3.0lnonvl5-oxv)-1 .2,5-lhiadiazole 

15 

Further elutton during the chromatographic purification of Compound 141 gave another clear oil. The HCI crystal- 
lized from EtOAc as a white solid (0.18 g), m.p. 125-126 °C. (Compound 142). 

Example 140 

20 

(±Hrans- 3-Bu With io-4-(2<lim ethyls 

A solution of potassium tert-butoxide (0.7 g) in THF (20 mL) was treated with (±)-f/ans-2-dimethylaminocyclopen- 
tanol (0.8 g). After 10 min, the reaction was cooled in ice-water and compound 1 (1.25 g} was added. Cooling was 
25 removed and the reaction was stirred over night. After heating to reflux for 2 h, the solvent was evaporated, the residue 
suspended in tee-water, and the mixture acidified. The mixture was extracted with ether and the aqueous phase made 
basic. Extraction with EtOAc, drying of the extracts, evaporation of the solvent, and purification by radial chromatog- 
raphy eluting with 10%-EtOH-1% NH 4 OH-CHCI 3 gave a tan liquid. The HCI salt crystallized from EtOAc-etherto give 
a white solid (0.55 g), m.p. 124-125 °C. (Compound 143). 

30 

Example 141 

3-Birtylthio-4-(2-dtmethvlam[noethoxy)-1,2 < 5-thiadiazole 

35 A solution of potassium ferf-butoxide (0.6 g) in THF (20 mL) was treated with 2-dimethylaminoethanol (0.5 mL). 

After 5 min, compound 1 (1.05 g) was added and the reaction stirred 2 h. The solvent was evaporated, residue sus- 
pended in ice-water, and the mixture acidified. The mixture was extracted with ether then the aqueous fraction made 
basic. Extraction with EtOAc, drying of the extracts, evaporation of the solvent, and purification of the residue by radial 
chromatography eluting with 5%-EtOH-0.5% NH d OH-CHCI 3 gave an oil. The HCI salt crystallized from EtOAc as a 

40 white solid (0.47 g), m.p. 104-105 °C. (Compound 144). 

Example 142 

(±)-r/ans-3-Butvlthio-4-fN-ferf-butvlcarboxv-4-hvdroxv-pyrollidin-3-oxv)-1. 2,5-th iadiazole 

45 ' 

A mixture of NaOH (0.12 g) and DMF (15 mL) was treated with Compound 1 30 (0.95 g) and the reaction stirred 1 
h. The solution was treated with 3,4-epoxy-N-terf-butylcarboxypyroIlidrne (0.8 g) and the solution heated at 60 °C over 
night. The temperature of the reaction was then increased to 11 0 °C for 7.5 h. The solvent was evaporated, the residue 
suspended in ice-water, and the mixture extracted with EtOAc. The extracts were washed with water, brine, the extracts 
50 dried, and the solvent evaporated. The residue was purified by radial chromatography eluting with 50% EtOAc-hexane 
to give an oil (0.44 g). (Compound 145). 

Example 143 

55 f±)-frans-3-Butvl1hio-4-(4-hvdroxv-pvrollidin-3H3xv)-1.2.5-thiadiazole 

A solution of Compound 145 (0.44 g) in EtOAc (15 mL) was cooled in ice-water as a stream of dry HCI was 
introduced for 2 min. Cooling was removed and after 5 min the solvent was evaporated. The residue was dissolved in 
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cold water, extracted with ether, and the aqueous phase made basic. The aqueous was extracted with EtOAc, the 
extracts dried, the solvent evaporated, and the residue purified by radial chromatography eluting with 20%-EtOH-2% 
NH 4 OH-CHCI 3 to give a white solid. The HCI salt crystallized from acetone-ether as a white solid (0.23 g), m.p. 1 06-1 08 
°C. (Compound 146). 

Example 144 

(±VerK/o-3-Butvloxv-4-(1 •azabtcvctof3.2.noctyl-6-oxvM ,2,5-thiadiazole 

A solution of potassium tert-butoxide (0.62 g) in THF (10 mL) was treated with (±)-entfo-1 -azabtcyclo(3.2.1 )octan- 
6-ol (0.64 g). After 5 m in, the reaction was cooled in ice-water, compound 77 (1 .5 g) was added, cooling was removed; 
and the reaction stirred over night. The solvent was evaporated, the residue suspended in ice-water, the mixture acid- 
ified, and the mixture extracted with ether. The aqueous fraction was made basic, extracted with EtOAc, the extracts 
dried, the solvent evaporated, and the residue purified by radial chromatography eluting with 20%-£tOH-2% NH 4 OH- 
CHCI 3 . The HCI satt crystallized from EtOAc to give a white solid (0.21 g), m.p. 172-173 °C. (Compound 147). 

Example 145 

(±V3'(4-Phenv1butvlthioM-(1-azabicvclcrf2.2.21octvl-3-oxvV1.2.5-thiadiazoie 

Using substantially the same procedure used in the preparation ot compound 40, compound 12 (1.15 g) and 1 -iodo- 
4-phenylbutane (4.92 g) gave (±)-3-(4-phenylbutylthio)-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole as a HCI 
salt (0.59 g) crystallizing from ether-EtOAc-CHCI 3 , m.p. 136-139 °C. (Compound 148). 

Example 146 

f±)-3-(3-Phenv1-2-propenvlthioM-(1-^^ 

Using substantially the same procedure used for the preparation of compound 44, compound 12 (1.15 g) and 
cinnamyl bromide (3.73 g) gave (±)-3-(3-phenyl-2-propenymiio)^-(1-a^abicycto[2.2.2Jocty1-3-oxy)-1,2,5-thiadiazole 
as an HCI salt (0.095 g) crystallizing from ether-EtOAC-CHCI 3 , m.p. 211-213 °C. (Compound 149). 

Example 147 

(±)-3-(344-Fluorophenynprc^n-3-onethio)^ 

Using substantially the same procedure used in the preparation of compound 40, compound 1 2 (1 . 1 5 g) and 1 -chlo- 
ro-3-(4-fluorophenyl)propan-3-one (3.52 g) gave (±)-3-(3-[4-Fluorophenyl]propan-3-onethio)-4-(1 -azabicyclo[2.2.2]oc- 
tyl-3-oxy)-1 ,2,5-thiadiazole as a HCI salt (0.375 g) crystallizing from ether-EtOAC-CHCI 3 , m.p. 203-204 °C. (Compound 
150). 

Example 148 

(±)-3-(3-fN-phenothiazinyltoropylt^ 

Using substantially the same procedure used in the preparation of compound 1 3, compound 12 (1 .15 g) and 1 -bro- 
mo-3-(N-phenothiaziny I) propane (1.25 g) gave (±)-3-(3-{N-phenothiazinyl]propytthio)-4-(l-azabtcyclo[2.2.2]octyl- 
3-oxy)-1 ,2,5-thiadiazole as a HC1 salt (0.35 g) crystallizing from EtOAc, m.p. 194-196 °C. (Compound 151). 

Example 149 

(±)-3-(3-f4-Fluorophenvn-3-f4-nuoroph 

Using substantially the same procedure used in the preparation of compound 1 3, compound 1 2 (1 . 1 5 g) and 1 -chlo- 
ro-3-(4-fluorophenyl) -3-(4-fluorophenoxy)propane (2.6 g) gave (±)-3-(3-[4-fluorophenyl]-3-[4-fIuorophenoxy]propylth- 
io)-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole as an oxalate salt (0.42 g) crystallizing from EtOAc-ether, m.p. 
87-96 °C. (Compound 152). 
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Example 150 

(±)-3-(3-Phenvl-344-triflucromemvlphenoxv1pro^ 

Using substantially the same procedure used in the preparation of compound 1 3, compound 12 (1 . 15 g) and 1 -chlo- 
ro-3-phenyl-3-(4-trifluoromethylphenoxy)propane (2.0 g) gave (±)-3-(3-pheny1-3-[44rifluoromelhylphenoxy]propylth- 
io)-4-(1-azabicyclo{2. 2. 2]octyl-3-oxy)-1, 2,5-th tadiazole as an oxalate salt (0.193 g) crystallizing from CHCI 3 -ether, m. 
p. 74-83 »C. (Compound 153). 

Example 151 

(±)-3-(4 ( 4 t 4-trffluorobutylthioM^ 

Using substantially the same procedure used in the preparation of compound 1 3, compound 12 (1 . 1 5 g) and bromo- 
4.4,4-trifluorobutane (1.81 g) gave (±)-3-(4 t 4 : 4-trifluorobutylthio)-4-(1-azabicyclo(2.2.2]octyl-3-oxy)- 1 ,2,5-thiadiazole 
as a HCI salt (1.43 g) crystallizing from CHCI 3 -ether, m.p. 128-130 °C. (Compound 154). 

Example 152 

±)-3-(3-f3-pyridvHpropvlthioM- (1 -azabtcyclof2.2.21octvf-3K>xy)-1 ,2,5-thiadiazote 

Using substantially the same procedure used in the preparation of compound 1 3, compound 1 2 (1 . 1 5 g) and bromo- 
3-(3-pyridyl)propane (1.42 g) gave (±)-3-(3-[3-pynxdyl]propylthto)-4-(1^ 

as a HCI salt (0.92 g) crystallizing Irom CHCI 3 -ether-EtOAc, m.p. 202-204 *C. (Compound 155). 
Example 153 

(±)-e/rdo-3-(g-PhenoxvethvfthioM^ 

Using substantially the same procedure used in the preparation of compound 72, compound 48 (1 .1 5 g) and bromo- 
2-phenoxyethane (3.B g) gave (±)-endo-3-(2-phenoxyethylthio)-4-(1-azabicyclo[3.2. 1 ]octy1-6-oxy)~l ,2,5-thiadiazole as 
a HCI salt (0.11 g) crystallizing from CHCI 3 -ether-EtOAc, m.p. 144-146 °C. (Compound 156). 

Alternate procedure for the preparation of (±)^xo-methvl-6-hvdroxv-2-azabicyclc^2.2.21octane-2-carbo)fvlate 

(±)-exo-methyl-2-azabiCYclof2.2.21oct-5-en-7-one-2-carboxvlate 

Postassium hydroxide (39.9g/712mmol) was added to a solution of methyl 7-acetoxy-7-cyano-2-azabicyclo[2.2.2] 
oct-5-ene-2<iarboxylate (J. Org. Chem. 1989, 54, 2B93)(35.6g/142mmol) ) ethanol (450mL), and water (90mL). Stirred 
at room temperature for 2 hours. Removed the ethanol by evaporation then extracted the aqueous residue with ethyl 
acetate. The organic extracts were dried over magnesium sulfate then evaporated. Purified by preprative HPLC over 
silica gel eluting with 10 to 100% ethyl acetate in hexanes to yield (±)-exo-methyl 2-azabicyclo[2.2.2]oct-5-en-7-one- 
2-carboxylate (9.2g/50.8mmol). 

(±)-exo-Methvl-2-azabicvclof2.2.21oct-6-one-2-carboxvlate 

A sample of (±)-exo- Methyl 2-azabicyclo{2.2.2]oct-5-en-7-one-2-carboxytate (9.2g/50.8mmol) was hydrogenated 
with 5% palladium on carbon (0.5g) in methanol (150mL) at 35 PSIG and room temperature for 1 hour. Filtered off the 
catalyst and evaporated the filtrate to yield (±)-exo-methyl-2-azabicyclo{2.2.2]oct-6-one-2-carboxylate (9g). 

(±)-exo-Methvl-6-hvdroxv-2-azabicvclof2.2.21octane-2-carboxvlate 

Sodium borohydride (1 .4g/36.lmmol) was added to a mixture of (±)-exo-methyl-2-azabicyclo[2.2.2]oct-6-one-2-car- 
boxylate (6g/32.8mmoi) and cerium trichloride heptahydrate (13.4g/36.lmmol) in methanol (55mL) at 0 3 C. Stirred at 
room temperature overnight The reaction was evaporated, the residue was taken up in water then extracted with ethyl 
acetate. The organic extracts were dried over magnesium sulfate then evaporated. The residue was purified by flash 
chromatagraphy over silica gel eluting with 25% ethyl acetate in hexanes to yield (±)-exo-methyl-6-hydroxy-2-azabi- 
cyclo[2.2.2]octane-2-carboxylate (3.6g/19.5mmol) . 
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(±)-€ndo-Methvl-€-hvdroxv-2-azabicvclof2.2.2loctane-2'Cafboxvlate 



Separation of (±)-exo-methyl-6-hydroxy-2-azabicyclo[2. 2. 2]octane-2-carboxy late and (±)-endo-methyl-6-hydroxy- 
2-azabicyclo[2.2.2]octane-2-carboxylate, Compound 62. was achieved by hplc over silica gel eiuting with a 10% to 
80% EtOAc-hexane gradient. 

Example 154 

(±)-exc~3-Propvthio-4-(2-methoxycarbonvl-2-azab^ ,2,5-thiadiazole 

Sodium hydride (1 9.5mmol) was added to a solution of (±)-exo-methyl-6-hydroxy"2-azabicyclo(2.2.2]octane-2-car' 
boxylale (3.6g/1 9.5mmo1) in tetrahydrofuran (200mL) at room temperature. The reaction was stirred for 1 hour where- 
upon 3-chloro-4-propylthio-1 ,2,5-thiadiazole (3.8g/1 9.5mmo0 in tetrahydrofuran (50mL) was added to the reaction and 
stirred for 16 hours at room temperature. The reaction was poured into water and extracted with ethyl acetate. The 
organic extracts were dried over magnesium sulfate then evaporated. The residue was purified by preprative HPLC 
over sBica gel eiuting with 5 to 50% ethyl acetate in hexanes to yield [exo] (±)-0xo-3-Propythio-4-(2-methoxycarbonyl- 
2-azabicycloI2.2.2]octyl-6-oxy)-1,2,5-triiadra2ole (2.1 g/6.1mmo1). {Compound 157). 

Example 155 

(±Vexo-3-Propylsulfonvl-4-/2-m^ 

A solution of Oxone<B>(7.6g/1 2.4mmol) in water(30mL) was added to a solution of (±)-exo-3-propythio-4-(2-meth- 
oxycarbonyl^-azabicycro^^^Joctyl-S^xyJ-I^.S-thiadiazole (2.1g/6.lmmol), water (10mL), and tetrahydrofuran 
(20mL). Stirred at room temperature for 1 6 hours. The reaction was extracted with diethyl ether (3x50mL). The organic 
extracts were washed with water, saturated aqueous sodium bicarbonate, water, dried over magnesium sulfate, then 
evaporated to yield (±)-exc>3-propylsulfonyl-4-(2-methoxycarbonyl-2-a2abicyclo{2.2.23octyl-6-oxy)-1 ,2,5-thiadiazole 
(2.4g). (Compound 158). 

Example 156 

(±)-exc>-3-(4A4-Tr^fluorobutvtoxv^4-(2-meth^ 

Sodium hydride (4.lmmol) was added to a solution of 4,4,4-trrfluorobutanol in tetrahydrofuran (35m L) at room 
temperature. Stirred for 2 hours where upon (±)-excK3-propylsuifc<iy]^-(2-methoxycarbonyl-2-azabicyclo[2.2.2]octyl- 
6oxy)-1 ,2,5-thiadiazole (1 .0g/2.7mmol) in tetrahydrofuran (5m L) was added to the reaction. The reaction was refluxed 
for 1 6 hours. The reaction was poured into brine then extracted with ethyl acetate (3x75mL). The organic extracts were 
dried over magnesium sulfate to yield (±)-exo-3-(4,4,4-trrfluorobutyloxy)-4-(2-m 
tyl-6-oxy)-1,2,5-thiadiazo!e (1.0g/2.5mmol). (Comound 159). 

Example 157 

(±Vexo-3-(4.4.4-Trffluorobutvloxv^ 

Trimethylsilyl iodide (0.4mL/3.0mmol) was added to a solution of (±)-exo-3-(4,4 > 4-trifluorobuty!oxy)-4-(2-methox- 
ycarbonyl-2-azabicyclo[2.2.2Joctyl-6-oxy)-1 ,2,5 thradiazole (1 .0g/2.5mmol) and dichloromethane (30m L). The reaction 
was refluxed for 18 hours then poured into methanol (25mL), stirred at room temperature for 15 minutes, then evap- 
orated. The residue was purified by radial chromatagraphy on silica gel eiuting with 2% ehtanol / 10% Irielhyiamine in 
ethyl acetate to yield (±)-exo-3-(4A4^rffluorctoutyloxy)-4-(2-^^ was 
isolated as the oxalate salt to yield 251 mg (mp = 115-120°C). (Compound 160). 

Example 158 

f±>-exo-3-(Hexvloxv)-4-<2-a^abicvclc42.2.2loctvl-6-oxvV1 l 2.5-thiadiazole 

Substantially the same procedure used to prepare Compound 160 with substition of hexanol for 4,4,4-trifluorobu- 
tanol gave (±)-exo-3-(hexyloxy)-4-(2-azabicyclo[2.2.2]octyl-6-oxy)-1 : 2,5-thiadiazole oxalate (mp = 128-30°C). (Com- 
pound 161). 
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Example 159 

(±)-endcv3-(4.4.4-TrifluorobLrt^ 

From (±)-endchmethyl-6-hydroxy-2-a2abicyclo{2.2.2]cx:lane-2-carboxylate was obtained (±) -e/Tdo-3-(4 1 4,4-trii- 
luorobutyloxy)-4-(2-azabicyclo[2.2.21octyl-6- oxy)-1 ,2,5-thiadiazole Using substantially the same procedure used to 
synthesize Compound 160. The compound was isolated as the oxalate salt (mp = 151-153°C). (Compound 162). 

Example 160 

(±)-exo-3-(2-fFluorophenoxvtethyfthk3M-(2-mefo^ 

Sodium sulfide nonahydrate (1g/4.1 mmol) was added to (±)-exo-3-propytsulfonyl-4-(2-methoxycarbonyl-2-azabi- 
cyclo{2.2.2Joctyl-6-oxy)-1,2,5-thiadiazole (1 ,3g/3.5mmol) in dimethyltonmamide (25mL) at 100°C. Stirred tor 2 hours 
whereupon 2-bromoethyl 4-fluorophenyl ether (0.9g/4.2mmol) in dimethylformamide (5mL) was added to the reaction. 
Stined for 1 hour at 100°C then 16 hours at room temperature. The reaction was poured into brine then extracted with 
ethyl acetate (3x150ml_). The organic extracts were combined and dried over magnesium sulfate then evaporated. 
The residue was purified by radial chromatagraphy over silica gel eluting with 30% ethyl acetate in hexanes to yield 
(±)-exo-3-(2-(fluorcphenoxy]ethylthioM^ 
(0.9g/2.lmmol). (Compound 163). 

Example 161 

(±Vexcx3-(2-[Fluorophenoxv1ethyfthio)^ 

Trimethylsilyl bdide (0 .4 miy2.5 mmol) was added to a solution of (±)-exo-3-(2-[f I uorophenoxy]ethy tthiol-4-(2-meth- 
oxycarbonyl-2-azabicyclo[2.2.2}octyl-6-oxy)-1 ,2,5-thiadiazole (0.9g/2. 1 mmol) and dichtoromethane (50mL). The reac- 
tion was reftuxed for 16 hours then poured into methanol (25mL), stirred at room temperature for 15 minutes, then 
evaporated. The residue was purified by radial chromatagraphy on silica gel eluting with 2% ehtanol/ 1 0% triethylamine 
in ethyl acetate to yield (±)-exc^3-(2-{fluorophenoxy]ethylthio)-4-(2-azabicyclol2.2.2]octyl-6-oxy)- 1 ,2,5-thiadiazole 
which was isolated as the oxalate salt to yield 222 mg (mp = 145-149'C). (Compound 164). 

Example 162 

(±)-e/>cfo-3-Propvlthio-4-(1-azabicycM 

A sample of (±>-e/Tdo-1-Azabicycto[3.2.1]octan-6ol (5.1 g, 40 mmoles) was added to a solution of potassium t- 
butoxide (5.4 g, 48 mmoles) in 120 ml THF and cooled in an ice bath. Compound 37 (8.0 g, 41 mmoles was added 
and the reaction stirred for 3 hr at room temperature. Ethyl acetate was added, the organic layer washed with water, 
dried over sodium sulfate and condensed lo yield 10.0 g of crude product. HPLC purification eluting with 5% etha- 
nol/chloroform with 0.5% ammonium hydroxide yielded 8 g of (±)-endo-3-propytthio-4-(1 -azabicyclo[3.2. 1 ]octyl-6-oxy)- 
1,2,5-thiadtazole as an oil, 71%. (Compound 165). 

Example 163 

(±)-endo- 3- Propyls u If onvM-(1-azabicvclof 3.2. 11octv1-6-oxvH .2,5-thiadiazole 

A solution of (±)-endo-3-propylthio-4- (1 -azabicyclo[3, 2. 1]octyl-6-oxy)-1 ,2,5-thiadiazole (5.7 g) in 1 N HCI (24 mL) 
was cooled in ice-water and Oxone (36.8 g) in HgO (75 mL) was added dropwise over 5 mtn. Cooling was removed 
and after 5 h, excess oxidant was destroyed with NaHSO a . The reaction was poured into ice and the pH adjusted to 
1 2. The mixture was extracted with EtOAc, the extracts washed with water the solvent dried, and the solvent evaporated 
to give analytically pure (±)-encfo-3-propylsulfonyl-4-(1 -azabicyclo[3.2.1 ]octyl-6-oxy)-1 ,2,5-thiadiazole as an oil (4.6 g). 
(Compound 166). 
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Example 164 

(±)-g/Mfo-3-(4,4,4-Trffluorobuto^ 

s A solution of 4,4,4-trifluorobutanol (0.32 g) in THF (15 mL) was cooled in ice-water and treated with potassium 

terf-butoxide (0.4 g). A solution of Compound 166 (0.4 g) in THF (10 mL) was added dropwise to the reaction and the 
mixture stirred 1 h. The reaction was diluted with cold water, the pH adjusted to 12, and the mixture extracted with 
EtOAc. The extracts were dried and the solvent evaporated. The residue was treated with dry HCI in ether and the 
resulting crystals collected, washed with ether, and dried to give a white solid (0.16 g), m.p. 155-156 °C. (Compound 

10 167). 

The following compounds were obtained by substantially the same procedure substituting the appropriate alcohol 
for the 4,4,4-trifluorobutanol. 

Example 165 

is 

(±Vg/Tdo-3-(2-Bu1ynyloxy)-4-(1 -azabicyclof 3.2.11octyl-6-oxv)-1 ,2,5-thiadiazols 

Obtained from Compound 166 and 2-butynol as the HCI salt in 89% yield, m.p. 200-201 . (Compound 168). 
20 Example 166 

(±)-endc-3-(£rare-2-Buteny1oxv)-4-(1 -azabicyclof 3. 2. 1 loctyl-6-oxvH ,2,5-thiadiazole 

Obtained from Compound 166 and rrans-2-butenol as the HCI salt in 54% yield, m.p. 160-1 61 °C. (Compound 169). 

25 

Example 167 

(±)-endo-3- (2-Methylthioethoxv)-4-(1 ■azabicvclof3.2. 1 loctyl-6-oxvH ,2,5-thiadiazole 

30 Obtained from Compound 166 and 2-methytthioethanol as the HCI salt in 85% yield, m.p. 169-170 °C. (Comound 

170). 

Example 166 

35 (±)-erKfo-3-(2-(4-Nfethvl-1,3^ 

Obtained from Compound 166 and 2-(4-methyl-1 ,3-thiazol-5-yl)ethanol as the HCI salt in 73% yield, m.p. 171-172 
°C. (Compound 171). 

40 Example 169 

(±)-encto-3-(4-Methvlthiobenzyloxv)^(t -azabicyclof 3. 2.1 |octyl-6-oxy)-1 ,2,5-thiadiazole 

Obtained from Compound 166 and 4-methylthiobenzyl alcohol as the HCI salt in 28% yield, m.p. 155-156 °C. 
45 (Compound 172). 

Example 170 

(±)-endo-3-f2-Thienylmethoxv)-4-( 1 -azabicyclof 3. 2. 1 |octyl-6-oxv)-1 ,2,5-thiadiazole 

50 

Obtained from Compound 1 66 and 2-thiophenemethanol as the HCI salt in 29% yield, m.p. 1 34-1 35 °C- (Compound 
173). 

Example 171 

55 

(±)-gntfo-3-(2-Cvclohexenyloxy)-4-(1 -azabicyclof 3.2. 1 loctvl-6-oxy)-1 .2.5-thiadiazole 

Obtained from Compound 166 and 2-cyclohexenol as the HCI salt in 55% yield, m.p. 1 79-180 °C. (Compound 174). 
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Example 172 

(±Venrt>3-(3-PentvnvloxvM-n-az^^ 

Obtained from Compound 166 and 3-pentynol as Ibe HCI salt in 40% yield, m.p. 113-119 °C. (Compound 175). 
Example 173 

(±)-endo-3-(3-Hexvnyloxv)-4-( 1 -azabicyctof 3.2. 1 loctyl-6-oxvH ,2,5-thiadiazole 

Obtained from Compound 166 and 3-hexynol as the HCI salt in 27% yield, m.p. 134-135 °C. (Compound 176). 
Example 174 

(±>entfo-3-(3-Chloropropoxy)-4-n^zabic^ 

Obtained from Compound 166 and 3-chloropropanol as the HCI salt in 48% yield, m.p. 131-132 °C. (Compound 
177). 

Example 175 

(±)-endo-3-r2-f2-NapthaM)ethoxv1-4-(l -azabicvclo|3.2.noctyl-6-oxv)-1,2,5'thiadiazote 

Obtained from Compound 166 and 2-<2-napthaiyl)ethanol as the HCI salt in 34% yield, m.p. 1 34-1 39 *C. (Com- 
pound 178). 

Example 176 

(±)-gfxfo-3-(4-Methvl-3^entenv)oxv 

Obtained from Compound 1 66 and 4-methyl-3-pentenol as the HCI salt in 98% yield, m.p. 113-114 °C. (Compound 
180). 

Example 177 

(±)-erKfc^3-(cts-2-Butenyloxv)-4-(1-azab^ 

Obtained from Compound 166 and c/s-2-butenol as the HCI salt in 37% yield, m.p. 151-152 °C. (Compound 181). 
Example 178 

(±)-entfo-3-(Cyclopropytmetho^ 

Obtained Irom Compound 166 and eye lop ropy tmethanol as the HCI salt in 50% yield, m.p. 165-166 °C. (Compound 

182) . 

Example 179 

f±)-entfCK3-(2^ethoxvethoxv)-4-(1-azabicvctof3.2.1loctyl-6>oxvl-1 ,2,5-thiadiazole 

Obtained from Compound 166 and 2-methoxyethanol as the HCI salt in 25% yield, m.p. 123-124 °C. (Compound 

183) . 

Example 160 

(±)-Qndo-3-(3-Butenyloxv)-4-f1nazab4Cvclof3.2.1toctvl-6-oxvl-1.2.5-thradiazol9 

Obtained from Compound 166 and 3-butenol as the HCI salt in 20% yield, m.p. 168-169 °C. (Compound 184). 
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Example 181 

(±)-encfo-3-(2-Cvclop ropvlethoxv)-4-( 1 -azabccvclof 3.2. 1 loctvl-6-oxvV 1 .2, 5-th iadiazole 

Obtained from Compound 166 and 2-cyclopropylelhanolasthe HCI sail in 76% yield, m.p. 152-1 53 °C. (Compound 
185). 

Example 182 

(±)'gntfc^3-(3-ButvnvtoxvM-(1-azabicvclof3.2.1]octvl-6-oxv)-1,2,5-thiadiazole 

Obtained from Compound 166 and 3-butynol as the HCI sail in 65% yield, m.p. 1 98-1 99 °C. (Compound 166). 
Example 183 

(±)-arwft^3-(4.4.4.3.3.2.2-Hepta^^ 

Obtained from Compound 166 and 4,4.4,3,3,2,2-heptalluorobutanol as the HCI salt in 23% yield, m.p. 192-193 
*C. (Compound 187). 

Example 184 

(±)-end r o-3-f2-f3-Trtfluoromethylphenyl)ethoxvl-4-f 1 -azabicyclo[3.2. 1loctyl-6-oxy)-l .2. 5-th iadiazole 

Obtained from Compound 166 and 2-(3-trifiuoromethylphenyl)ethanol as the HCI salt in 38% yield, m.p. 118-120 
°C. (Compound 188). 

Example 185 

f±)-endo*3-r2-f2-Thienvl)ethoxvM-(1^ 

Obtained from Compound 166 and 2-(2-thienyl)ethanol as the HCI salt in 63% yield, m.p. 119-120 P C. (Compound 
189). 

Example 186 

(±Vendc^3-(3,3.3,2.2PentafluorcN3ro^ 

Obtained from Compound 166 and 3,3,3,2,2-pentafluoropropanol as the HCI salt in 77% yield, m.p. 208-209 °C. 
(Compound 190). 

Example 187 

(±>-endo-3-f2>Phenoxvethoxv>-4-n-azabic^clof3.2.1]octvl-6-oxv)-1, 2.5-th iadiazole 

Obtained from Compound 166 and 2-phenoxyethanol as the HCI salt in 80% yield, m.p. 165-166 °C. (Compound 
191). 

Example 188 

t±)-enc*>3-(4-n-Butvlbenzvbxv^^ 

Obtained from Compound 166 and 4-rM5Utylbenzyl alcohol as the HCI salt in 18% yield, m.p. 168-169 6 C. (Com- 
pound 192). 
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Example 169 

(±)-endo-3-f3-(4-MeUioxypherw0pr^^ 

Obtained from Compound 166 and 3-(4-methoxyphenyl)propanol as the HCI salt in 54% yield : m.p. 161-162 °C. 
(Compound 193). 

Example 180 

f±)-em*o-3-(4-Ruofobenzyloxy)-4-(1 -azabicyclor3.2. 1 1octvl-6-oxy)-1 , 2.5-th iacfiazole 

Obtained from Compound 166 and 4-fluorobenzyl alcohol as the HCI salt in 71% yield s m.p. 163-164 °C. (Com- 
pound 194). 

Example 191 

(±)-endo-3-(2,4-Difluorobenzvtoxv)^4-( 1 -azabicyclo[3.2. 1 lcctyl-6-oxy)- 1 ,2,5-thiadiazole 

Obtained from Compound 166and2 : 4-difluorobenzylalcohol as the HCIsatt in 17% yield, m.p. 168-169 *C. (Com- 
pound 195). 

Example 192 

(±)-eno < o-3-[4-(Tnfluoromethoxv)benzvloxvl-4-( 1 -azabicyclof 3.2. 1 loclyJ-6-oxy)- 1 ,2,5-thiadiazole 

Obtained from Compound 166 and 4-trmuoromethoxybenzyl alcohol as the KCI salt in 8% yield, m.p. 185-186 °C. 
(Compound 196). 

Example 193 

(±)-endo-3-(4-Fluorobutoxy)-4-(1 -azabicyclof 3.2. 1 1octyt-6-oxy)-1 , 2,5-th iadiazole 

Obtained Irom Compound 1 66 and 4-fluorobutanot as the HCI salt in 55% yield, m.p. 1 42-1 43 °C. (Compound 1 97). 
Example 194 

(±)-entfc-3-r4-fen^Butylbenzvloxv)-4-(1 -azabbvctof3.2. 1Toctvl-6-oxy)-1 ,2.5-thiadiazole 

Obtained from Compound 166 and 4-*e/t-butylbenzyl alcohol as the HCI satt in 40% yield, m.p. 192-1 94 °C (Com- 
pound 198). 

Example 195 

(±)-e/Tdo-3-(1-CvctopropylethoxY)^ 

Obtained from Compound 166 and (±)-1 -cyclopropylethanol as the HCI salt in 39% yield, m.p. 171-172 °C. (Com- 
pound 199). 

Example 196 

t±)-encfc>3-(2-CvclohexvlemoxvM-{1-a^ 

Obtained from Compound 166and2-cyclohexylethanolasthe HCIsalt in 15% yield, m.p. 139-141 °C. (Compound 
200). 
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Example 197 

f±)-endo-3-(3-Methvl-2-butenvloxv)-4-(1 -azabicyctof 3.2.1 joctvl-6-oxvH .2.5-thiadjazole 

Obtained from Compound 166 and 3-methyl-2-buteno1 as the HCI salt in 60% yield, m.p. 149-150 °C 

201) . 

Example 198 

(±Vendo-3-(4-Cvclcfr exvlbutoxv)-4-(1 -azabicyc]of3.2. 1 loctvl-6-oxv)-1 ,2.5-thiadiazole 

Obtained from Compound 1 66 and 4-cyclohexylbutanol in as the HCI salt 9% yield, m.p. 1 30-1 32 °C 

202) . 

Example 199 

(±>-endo-3-(3-Butyn-2<)Xv)-4-(1-azabicvcloja2.1loctvl-6-oxy)-1, 2,5-thiadiazole 

Obtained from Compound 166 and (±)-3-butyn-2-ol in 58% yield as the HCI salt, m.p. 179-180 *C 

203) . 

Example 200 

(±)-erK*c~3-(3-Methvl-3-phonyfbutoxy)-4-(1 -azabicyclof3.2.1 |octvl-6-oxv)-1 ,2,5-thiadiazole 

Obtained from Compound 166 and 3-methyl-3-phenyibutanol as the HCI salt in 34% yield, m.p. 145-1 47 °C. {Com- 
pound 204). 

Example 201 

(±)-endo-3-(3-Huoropropoxv)-4-(l-azabicvclof3. 2. 11octyl-6-oxv)-1 ,2,5-thiadiazole 

Obtained from Compound 166 and 3-fluoropropanol as the HCI salt in 72% yield, m.p. 147-148 °C. (Compound 
205). 

Example 202 

f±Vendc)-3-r3-(2-Thienvl)propoxyl-4-n-azabicyclof3.2.1]octvl-6-oxv 1-1 , 2,5-thiadiazole 

Obtained from Compound 166 and 3-{2-thienyl)propanol in 75% yield, m.p. 140-142 °C. (Compound 206). 
Example 203 

(i)-3-r2-f4-FluoropherK»TYtethvftm 

Using substantially the same procedure used for the preparation of compound 44 : compound 12 (1.15 g) and 
1 «bromo-(4-f luorophenoxy)ethane (3.65 g) gave (±)-3-(2-[4-fluorophenoxy]ethyIthio)-4-(1-azabicyclo[2.2.2]octyl- 
3-oxy)-1 ,2,5-thiadiazole as an HCI saJt (1.55 g) crystallizing from ether-EtOAc-CHCI^ m.p. 160-161 6 C. (Comound 
207). 

Example 204 

(±)-3-(2-Methvtthioethvl)-4-(1 -azabicvclof2.2.21octyl-3- oxy)-1 ,2,5-thiadiazole 

A solution of 3-(2-memyrthioethyl)-4-hydroxy1 ,2,5-thiadiazole (0.45 g) and triphenylphosphine (0.7 g) was cooled 
in ice-water as diethyldiazodicarboxylate (0.4 mL) was added dropwise. After addition, (±)-1-azabicyclo[2.2.2]octan- 
3-ol (0.33 g) was added, cooling removed, and reaction stirred for 1 hour. The solvent was evaporated, residue sus- 
pended in water, the mixture acidified and washed with ether. The aqueous solution was made basic and extracted 
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with EtOAc. The extracts were dried, the solvent evaporated, the residue purified by radial chromotography eluting 
with l0%-EtOH-1%-NH 4 OH-CHCI 3 , and the product converted to a HCI salt. Recrystalfization from acetone gave 0.6 
g white crystals, m.p. 177-178 9 C. (Compound 208). 

The following compounds were synthesized in substantially the same manner as Compound 208. 

5 

Example 205 

(±)-3-( 1 -azabicvclo(2.2.21octvl-3-oxv)-1 ,2.5-thiadiazole 

10 a sample of 3-Hydroxy-1,2.5-thiadiazole (0.28 g), triphenylphospine (0.7 g), diethyldiazodicarboxylate (0.4 mL), 

and (±)-1-azabicyclo[2.2.2}cctan-3-ol (0.33 g) gave the hydrochloride salt of (±)-3-(1-azabbycto[2.2.2]octyl-3-oxy>- 
1,2,5-thiadiazole, m.p. 240 °C dec. (0.36 g). (Compound 209). 

Example 206 

16 

(±)-3-Hexvl-4-t1 -azabicvclo[2.2.2Ioctvl-3oxv)-1 .2,5-thiadiazole 

A sample of 3-Hexyl-4-Hydroxy-1, 2,5-thiadiazole (0.93 g), triphenylphospine (1.31 g), diethyldiazodicarboxylate 
(0.8 mL), and (±}-1-azabicyclo[2.2.2]octan-3-ol (0.64 g) gave the hydrochloride salt of (±)-3-hexyl-4-(1-azabicyclo 
20 [2.2.2]octyl-3-oxyH. 2,5-thiadiazole, m.p. 163-164 °C dec. (1.11 g). (Compound 210). 

Example 207 

3-Butvlthio-4-hvdroxv- 1 .2,5-thiadiazole 

ss 

A solution of Compound 1 (20.9 g), DMSO (20 mL) and 2N NaOH (205 mL) was headed to reflux overnight. The 
solution was cooled to 15 °C and concentrated HCI was added until the pH was 1 . The solid was collected, washed 
with water, and dried to give a solid (17.68 g). 

Recrystallization from heptane gave while crystals, m.p. 72-72.5 °C. (Compound 211). 

30 

Example 208 

r±)-3-(243W1,2,5-Thiadiazovloxvnethoxy^^ 

35 A solution of triphenylphosphine (0.35 g) and 3-hydroxy 1, 2,5-thiadiazole (0.14 g) in THF (15 mL) was cooled in 

ice-water. Diethyl diazodicarboxyfate (0.21 g) was added dropwise followed by (±)-3-(2- hydroxy ethoxy)-4-(1 -azabicyclo 
[2.2.2Ioctyl-3-oxy)-1 ,2,5-thiadiazoIe (0.35 g). Cooling was removed, reaction was stirred 1 h, and the solvent was evap- 
orated. The residue was suspended in cold water, acidified, and extracted with ether. The aqueous fraction was made 
basic and extracted with EtOAc. The extracts were washed with brine, dried, the solvent evaporated, and the residue 

^0 purified by radial chromatography eluting with 10%-EtOH-1%NH 4 OH-CHCI 3 togivea clear oil. The HCI salt crystallized 
from acetone as a white powder (0.34 g), m.p. 173-1 79 °C. (Compound 212). 

Example 209 

*s (±)Exo-3-ButvlthkwH1 -azabicvclol2.2.1fheptvl-3-oxv)-1 .2.5-thiadiazole 

A solution of triphenylphosphine (0.7 g) and 317260 (0.5 g) in THF (20 mL) was cooled in ice^water. Diethyl dia- 
zodicarboxylate (0.4 mL) was added dropwise followed by addition of (±)endo-3-hydroxy-1-azabicyclo[2.2.1]heptane 
(0.29 g). Cooling was removed and after 1 h the solvent was evaporated. The residue was suspended in cold water, 
50 acidified, and extracted with ether. The aqueous fraction was made basic and extracted with EtOAc. The extracts were 
dried, the solvent evaporated, and the residue purified by radial chromatography eluting with 5%-EtOH-0.5% NH 4 OH- 
CHCI 3 to give a clear oil. The HCI salt crystallized from EtOAc as white crystals (0.44 g), m.p. 147-1 46 °C. (Compound 
213). 

55 



60 



EP 0 709 381 A1 

Example 210 

(±)-en</c-342-(4-Chtorophenvl)ethoxvl-4-(1 -azabicvclof3.2. 1 1octvl-6-oxv)-1 .2,5-thiadiazole 

Obtained from Compound 166 and 2-(4-chlorophenyl)ethanol in 50% yield, HCI salt m.p. 1 36-1 38 °C. (Compound 

214) . 

Example 211 

(±VendchM2-(4-Fluorophenv1)etto^ 

Obtained from Compound 166 and 2-(4-fluoropheny1)ethanol in 61% yield, HCI salt m.p. 136-136 °C. (Compound 

215) . 

Example 212 

(±)-endo-3-f2-(3-Memylphenyl)ethox^^ 

Obtained from Compound 166 and 2-(3-methylphenyl)ethanol in 57% yield, HCI salt m.p. 114-1 15 °C. (Compound 

216) . 

Example 213 

(±)-entfo-3-(2-Phenylethoxy)-4-( 1 -azabicycloI3.2. 1 loctyl-6oxy)-1 ,2.5-thiadiazole 

Obtained from Compound 166 and 2-phenylethanol in 70% yield, HCI salt m.p. 135-1 36 °C. (Compound 217). 
Example 214 

(±)-endc^3-r2-(3-Thienyl)ethoxvM^ 

Obtained from Compound 166 and 2-(3-thienyl)ethanol in 62% yield, HCI salt m.p. 142-144 °C. (Compound 218). 
Example 215 

(±)-e/xfo-3-Benzyloxy-4-(1 -azabicyclof3.2. 1 loctyl-6-oxyH , 2,5-thiadiazole 

Obtained from Compound 166 and benzyl alcohol in 71% yield, HCI salt m.p. 180-181 °C. (Compound 219). 
Example 216 

(±)-entfo-3-(4-Trifluoromethvfoen 

Obtained from Compound 166 and 4-trifluoromethylbenzyl alcohol in 76% yield, maleate salt m.p. 174-175 °C. 
(Compound 220). 

Example 217 

(5S,65)-era^3-(4-Fluorobenz^^ 

Obtained from (5S, 6S)-Compound 166 and 4-fJuorobenzyl alcohol in 33% yield, HCI salt m.p. 181-132 °C. (Com- 
pound 221). 

Example 218 

(SR. Sff;-e/x/o>3-(4-Fluorobenzvloxv)-4-(1 -azabicvclof3,2,Hoctvl-6-oxv)-1 , 2,5-thiadiazole 

Obtained from (5R. ^-Compound 166 and 4-fluorobenzyl alcohol in 68% yield, maleate salt m.p. 106-107 *C. 
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(Compound 222). 
Example 219 

(5S,gS)-endo>3'(4-Trifluorometnoxvb9nzvtoxy)>4-(1 -azabicycbr3.2.1)octyl-6-oxv)-1,2,5-thiadiazole 

Obtained from (5S, 6S)-Compound 166 and 4-trifluoromethoxybenzyl alcohol in 52% yield, HCI salt m.p. 136-140 
°C. (Compound 223). 

Example 220 

(S/?,6fl)-endo-3-(4-Trif!uoromethoxybenzvtoxv)-4-( 1 -azabicyclor3.2.1 |octvl-6-oxy)-1 ,2,5-thiadiazole 

Obtained from (5R,6R)-Compour\6 166 and 4-trifluoromethoxybenzyl alcohol in 71% yield, maleate salt m.p. 
114-115 °C. (Compound 224). 

Example 221 

f5R6ffl-endc^3-(2-CvclcH3ropvletto^ 

Obtained from (5R,6R)-Compour\6 1 66 and 2-cyclopropylethanol in B4% yield, maleate salt m.p. 1 1 1 -1 1 2 °C. (Com- 
pound 225). 

Example 222 

{5S. 6S)-enoV>3-(2-Cyclopropylethoxv) -4-q -azabicyclof 3.2. 1 loctyl-6-oxy)- 1 ,2,5-thiadiazole 

Obtained from (5S, 6S)-Compound 1 66 and 2-cyclopropy!ethanol in 76% yield, maleate salt m.p. 109-110 °C. (Com- 
pound 226). 

Example 223 

r5R6/?J-gr7oo-3-(3-Methyl-2-buten^ 

Obtained from (5R,6R) -Compound 166 and 3-methyl-2-butenol in 81%yield, maleate salt m.p. 141-142 3 C. {Com- 
pound 227). 

Example 224 

(±)-endo-3-(2-Cvcloprc)Pvlfl9neetho^ 

Obtained from Compound 166 and 2-cydopropylkJeneethanol in 67% yield, maleate salt m.p. 100-101 °C. (Com- 
pound 228). 

Example 225 

(±)-entfo-3-(3<:vclopropvlpro^ 

Obtained from Compound 166 and 3-cyc lop ropy Ipropanol in 62% yield, maleate saJt m.p. 114-115 °C. (Compound 

229) . 

Example 226 

(±)-endo-3-(1 -Cvclopropylethoxv)-4-( 1 -azabicyclof3.2. 1 loctyl-6-oxv)-1 ; 2,5-thiadiazole 

Obtained from Compound 1 66 and 1 -cyclopropylethanol in 76% yield, maleate salt m.p. 161-162°C. (Compound 

230) . 
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Example 227 

( ±) exo-3-( 1 - Azabicvc lof2. 2. 1 1heptvl-3-oxv) - 1 ,2, 5-thiadiazole 

Prepared in the same manner as Compound 131. (±)£xo-3-<1-azabicydo{2.2.1]hBptyl-3-oxy)-1, 2,5-th iadiazole 
was obtained from 3-hydroxy-1 , 2,5-th iadiazole (0.14 g), tnphenylphosphine (0.35 g), diethyldiazodicarboxylate (0.21 
mL) and (+)-enoV>1 -azabicyclo[2.2.1 Jheptane-3-ol (0. 15 g) as a hydrochloride satt (0.096 g), m.p. 223 °C, dec. (Com- 
pound 231). 

Example 228 

(±)-S- (3-f 3-Tr tfluoromethyl-4-ch lorophenyllpropoxy) -4- [ 1 -azabicvclor2. 2. 21octyl-3oxy) -1 , 2, 5-thiadiazo je 

Using the same procedure used in the preparation of Compound 103. (3-trrftuoromethyl-4-chlorophenyl)propanol 
and Compound 102 gave after chromatography (±)-3-(3-[3-trifluoromethyl-4-chtorophenyl]propoxy)-4-(1-azabicyclo 
[2.2.2]octyl-3-oxyM ,2, 5-th Iadiazole as an HCI salt, m.p. 1 44-146 *C. (Compound 232). 

Example 229 

(±)-3-(3-Phenylpropo^4-n-a^ab^ 

Using the same procedure used in the preparation of Compound 1 03 : 3-phenylpropanol and Compound 102 gave 
after chromatography (±)-3-(3-phenylpropoxy)-4-(1-a*ao^ as an HCI salt, m. 

p. 194-196 °C. (Compound 233). 

Example 230 

f/?^3-(2-CycloprcHpylethow^ 

Using the same procedure used in the preparation Compound 114, 2-cyclopropylethanol and Compound 102 that 
had been prepared trom (tf)-1-azabicyclo[2.2.2]octan-3-ol gave after chromatography, (H)-3-(2-cyclopropylethoxy)-4- 
(1-azabicycJo(2.2.2]octyl-3-oxy)-1,2,54hiadiazoleasan HCI salt that crystallized from acetone, m.p. 189-190 °C. (Com- 
pound 234). 

Example 231 

3-Ethoxy-4-hvdroxv-1,2.5-thiadiazole 

A mixture of Compound 93 (8.2 g), 2 N NaOH (100 mL), and DMSO (10 mL) was heated to reflux over night. The 
reaction was cooled and extracted with ether. The aqueous traction was acidified with cone. HCI and cooled 30 min in 
ice-water. The solid was collected trom the resulting mixture by filtration and washed with a small amount of cold water 
to give white crystals (4.4 g). Recrystallization from heptane gave white flakes, m.p. 104.5-105.5 °C (Compound 235). 

Example 232 

3-Propyithio-44wdroxv-1 .2. 5-th iadiazole 

A mixture of 3-chloro-4-propylthio-1,2,5-thiadiazole (Compound 37) (10 g), 2 N NaOH (100 mL), and DMSO (10 
mL) was heated to reflux for 24 h. The solution was cooled and extracted with ether. The aqueous fraction was acidified 
with cone. HCI and cooled in ice-water for 3 h. The resulting solid was collected, washed with a small amount of cold 
water to give a white solid (8. 1 5 g). Recrystallization from heptane gave white crystals, m.p. 34-85 °C. (Compound 236). 



Claims 

1 . A compound of formula I or the quaternized form thereof selected from the following compounds having the formula I 
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G-(CH 2 ) r -W, 




(I) 



wherein 



W is oxygen or sulphur; 

R is selected from the group consisting of hydrogen, amino, halogen, NHR 6 , NRGR 7 , R 4 , -OR 4 , -SR 4 , -SOR 4 , 
-SOgR 4 C3_ 10 -cycloalkyl, C^^cycloalkylalkyl), -Z-C3_ 10 -cycloalkyl and -Z-C4_ 12 -(cycloalkytalkyl): 
R 4 is selected from the group consisting of C,_ 15 -a[kyl, C^^-alkenyl and C2_ 15 -alkynyl, each of which is option- 
ally substituted with one or more independently selected from the group consisting of halogen(s), -CF 3 , -CN, 
Y, phenyl and phenoxy wherein phenyl or phenoxy is optionally substituted with one or more independently 
selected from the group consisting of halogen, -CN, C^-alkyl, C^-alkoxy, -OCF 3 , -CF 3 , -CONH2and-CSNH 2 ; 
or R is phenyl or benzyloxycarbonyl, each of which is optionally substituted with one or more independently 
selected from the group consisting of halogen, -CN, C^-alkyl, C^-alkoxy, -OCF 3 , -CF 3 , -CON Hg and -CSNH 2 ; 
or R is selected from the group consisting of -OR 5 Y, -SRSY, OR 5 -Z-Y, -SR S ZY, -O-RS-Z-R 4 and 
-SR5-Z-R 4 ; 
Z is oxygen or sulphur, 

R 6 is C-j^g-aJkyl, C2_ 15 -alkenyl, and C 2 _ is -alkynyl; 
Y is a 5 or 6 membered heterocyclic group; 

G is selected from one of the following azacyclic or azabicyclic ring systems: 



or G is optionally substituted C 3 -C 8 cycloalkyl wherein the cycloalkyl substituents are selected from R 1 and 
R 2 ; or optionally substituted C^-alkyl wherein the substitution is -NR 6 R 7 ; 

R 6 and R 7 independently are selected from the group consisting of hydrogen and C^-alkyl; or R 6 and R 7 
together with the nitrogen atom optionally form a 4- to 6-member ring; 

R 1 and F* 2 independently are selected from the group consisting of hydrogen, C^^-alkyl, C 2 _5-alkenyl, C 2 _ 5 - 
alkynyl, C^Q-atkoxy, and C^-alkyl substituted with one or more independently selected from the group con- 
sisting of 

-OH, -COR 6 *, CH 2 -OH ; halogen, -NH 2 , carboxy, and phenyl; 





hefc-5 



hot -6 



het-7 
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R 6 ' is hydrogen, C^-alkyl; 

R 3 is selected from the group consisting ot hydrogen, C|_ s -alkyt, C 2 _s-alkenyl and C 2 _6-alkynyl; 
n is 0, 1 or 2; 
m is 0, 1 or 2; 
s p is 0, 1 or 2; 

q is 1 or 2; 
r is 0, 1 or 2; 

is a single or double bond; 

provided that when W is oxygen and G is alky I, 

10 R is selected Irom the group consisting ot hydrogen, amino. NHR 6 , NF^R 7 , R 4 , -OR 4 , -S 04 -SOR 4 -S0 2 R 4 

C3_ 10 <ycloaJkyl, C4_ 12 -(cycloalkylalkyl), -Z-C3_ 10 -cycloalkyl and -Z-C4_ 12 -(cyctoaJkylalkyl) : phenyl and ben- 
zyloxycarbonyl, each of which is optionally substituted with one or more independently selected from the group 
consisting of halogen, -CN, C 1-4 -alkyl, C^-alkoxy, -OCF 3 , -CF 3> -CONH 2 or -CSNH 2 ; or 
R is selected from the group consisting of -OR 5 Y, -SR 5 Y, OR 5 -Z-Y, -SR 5 ZY, -OR 5 -Z-R 4 and -S-R 5 -Z-R 4 ; 

15 z is oxygen or sulphur; 

R 5 is selected from the group consisting of C^s-alkyl, C 2 _ 16 -alkenyl, and C 2 _i5' alk y n y': or 
a phanmaceutically acceptable salt or solvate thereof. 

2. A compound of Claim 1 wherein W is S. 

20 

3. A compound as claimed in any one of Claims 1 or Claim 2 wherein r is 0. 

4. A compound as claimed in any one of Claims 1 or Claim 3 wherein W is O. 

25 5. a compound as claimed in any one of Claims 1 to Claim 4 wherein G is selected from the group consisting of het- 
1, het-2, het-3, het-5, het-6, and het-7 

6. A compound of Claim 5 wherein G is unsaturated. 

30 7, a compound of Claim 1 wherein G is 



35 




selected from the group consisting of 



40 



45 



50 




ss 

8. A compound according to Claim 7 wherein G is 
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~0x. 

A compound according to Claim 1 which is selected from the group consisting of the following: 
(±)-3-Methoxy-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2 : 5-thiadiazote, 
(±)-3-Ethoxy-4-(1-a2abicyclc{2.2.2]octyt-3-oxy)-l,2,5-thiadiazole I 
(±)-3-Propyloxy-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole, 
(±)-3-Butyloxy-4-(1 -azabrcyclol2.2.2]octyl-3-oxy)-1 ,2 : 5-thiadiazole t 
(±)-3-Pentyfoxy-4-(1 -azabicyclo(2.2.2]octyl-3-oxy)«1 ,2,5-thiadiazole : 
(±)-3-Hexytoxy-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-l ,2,5-thiadtazole, 
(±)-3-<4-Methylpentyloxy)-4-(1-azabicyclo[^^^ 
(±)-3-Chloro-4-(1 -azabicycfo[2.2.2Jocty]-3~oxy)-1 , 2,5-th iadiazoJe, 
(±)-3-Propylthio-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole, 
(±)-3-Butylthio-4-(1 -azabicyclo[2.2.2}octyl-3-oxy»-1 ,2,5-thiadiazole, 
(±)-3-Pentylthio-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole, 
(S)-3-Pentylthto-4-(1-azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole, 
(±)-3-Hexylthio-4-(1 -azabicycto[2.2.2]octyl-3-oxy)-1 ,2.5-thiadiazole, 
(+)-3-(3,3-Dimethylbutylthk3)-4-(1-azabicycto[2.2.2]octyl-3-oxy)-1 ) 2,5-thiadiazc4e ( 
(±)-3-(2-(2-Thienylthio)ethytth^^^ 

(±)-3-(2 l 2,3,3,3-Pentafiuoroprcwrth'o)^-(1-azabicyc!o(2.2.2]c^yl-3-ox^ 
(±)-3-(3-<2-Thienyl)propylthiol-4-(1-a^^ 

(±)-3-8utylthto-4-{(1-azabicyclo{2. 2. 2]octan-3-yl)methoxy)-1 ,2,5-thiadiazole, 
(±)-Exo-3-pentylthio-4-(1 -azabicyclo[3,2, 1 ]octyl-6-oxy)-1 ,2,5-thiadiazole, 
(±)-Endo-3-pentytthio-4-(1 -azabicyclo|3.2. 1 ]octyl-6-oxy)-1 , 2,5-th iadiazote, 
(±)-Endo-3-butyloxy-4-(1 -azabicyclo{2.2. 1 ]heptyl-3-oxy)-1 , 2,5-lhiadiazole, 
(+)-Exo-3-butyloxy-4-(1 -azabicyclo(2. 2.1 ]heptyl-3-oxy)-1 ,2,5-thiadiazole, 
<±)-3-Butyloxy-4-( 3-py r rol idinyloxy )- 1 ,2 , 5-th iadiazol e , 
(±)-3-Butyfoxy-4-(1 -methyl-3-pyrrolidinyloxy>-1 ,2,5-thiadiazole, 
(±)-3-Butylthio-4-(1 -methyl-3-ptperidyloxy)-1 ,2,5-thiadiazole, 



66 



EP 0 709 381 A1 

3-Butylthio-4-(1 -methyl-4-piperidyloxy)-1 ,2,5-thiadiazole, 
(S)-3-Butyloxy-4-(1 -methyl-2-pyrrolidtnylmethoxy)-1 ,2,5-thiadiazole , 
(SJ-S-Bulyloxy-A-ta-pyrrolidinytmethoxyJ-I^.S-thiadiazolB, 
3- Butyloxy-4-(2-{dimethy lam cno)ethoxy)-1 ,2,5-thiadiazole, 
a-Butyllhio-4-(2-(diethylamino)ethoxy>-1 ,2,5-thiadiazole, 
3-Butytoxy-4-(2-(trimethy1arnino)ethoxy)-l ,2,5-thiadiazole iodide, 
3-Butyloxy-4-(2-(dimethylamsx>)ethy[thio)-1,2 t 5-thiadiazole, 
(R)-3-Pentyithio-4-(1 -azabicyctol2.2.2]octyl-3-oxy)-1 ,2,5-thtadiazole, 
(±)-3-(4-MethylpentylthioM-(1-azabicy^ 

(±)-3-(3-Phenylpropylthio)-4-(1-azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole, 
(±)-3-(4-Cyanobenzylthio)-4-(1-azabicyclo[2.2^ 

(±)-3-(4-Fluorobenzylthk>)-4-(1-azabicyclo[2.2-2]octyl-3-oxy)-1.2.5- thiadiazole, 

(±)-3-(2-Phenylethylth»M-(1-azabicyc^^ 

(±>3-(2-Phenyloxyethylthio)-4^1-azab^ 

Endo-3-buty toxy-4-(N-methyl-8-azabicyclo[3.2. 1 Joctyl-3-oxy)-1 ,2,5-thiadiazole, 
(±)-exo-3-butyloxy-4-(6-(N-methyl-8-azabicyclo[3.2. 1 ]octan-3-onoxy)}-1 ,2,5-thiadiazole, 
(±)-Exo-3-chloro-4-(1 -azabicycio[a2.1]octyl-6-oxy)-1 ,2,5-thiadiazole, 
(±)-Endo-3-chloro-4-(1 -azabicyclo[3.2. 1 ]octyl-6-oxy)-1 ,2,5-thiadiazole, 
(±)-Endo-3-(4-cyanobenzyithio) -4-(1-azabicyclo[3.2,1Joctyl-6-oxy}-1 ,2,5-thiadiazole, 
3-Butyk>xy-4-(3-azetidinyloxy)-1,2,5-thiadiazole. 
S^ulylthio^S-azetidinyloxyJ-l.a.S-thiadfazole, 

(±)-Trans-3-butyloxy-4-(2-dimethylamirK)cyclopenlyloxy)-1 t 2 : 5-thiadiazole, 
(±)-3-8utylthio-4-(3-pyrrolidinyloxy)-1 ,2,5-thiadiazole, 
(±)-3-(2-(2-ThicH5-trifluorc™ethylthie^^ 

(±)-3-(2-(5-{2-Thienyl)thtenyl)thio)-4-(1-azabicyclo[2.2.2jcctyl-3-oxy)-1,2 

(±)-3-(2-(2-(5-(2-Thienyl)thienyl)thio^^ 

(±)-3-(2-(5-(2-Thienyl)thienyl)^ 

(±)-3-(3-N-(2-ThiazcMidonyl)propylthio)-4-(1-azabicycIo(2-2.2]octy1-3-oxy)-1,2,5 
(±)3-Butylthio-4-(exo-2-a2abicycto[2.2.2]oct-6-yloxy)-1 ,2,5-thiadiazole, 
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(±)3-(2,2,3,3A4,4-heptafluorctoutyloxy^^ 
(±)3-{1-butylthio)-4-(eno^6-(1-azabicycl^ 
5 (±)3-(3-phenylpropylthio)-4-[endo-6-(1 -azabicyclo-{3.2.1 }octyloxy)]-1 ,2,5-thiadiazole 

(±)3-[3-(4~fluorophenyl)propytthio]-4-[^ 

(±)3-{3-[4-(trifluoromethyl)phenyl]propytthio}-4-{-3-(1 -azabicyclo[2.2.2]octyloxy)]-1 ,2,5-thiadiazole; and 

w 

(±)3-{1-Butylamino)-4-[-3-(1-^ 

or a pharmaceutical^ acceptable salt thereof. 

is 10. A compound as claimed in any one of Claims 1 to 9 wherein if G is a saturated azabicyclic group having from 7 
to 11 carbon atoms and a ring nitrogen and wherein the ring nitrogen atom is separated from W by 2 or 3 ring 
carbon atoms then R is selected from the group consisting of R 4 . C^Q-cycloalkyl, C^^-Ccycloalkylalkyl), -Z-C^ 10 - 
cycloaikyl and -Z-C 4 _, 2 -(cycloalkylalkyl) wherein R 4 is selected from the group consisting of optionally substituted 
C^s-alkyl, optionally substituted C 2-1 s-alkenyl, and optionally substituted C 2 _ 1 5-a!kynyl ! wherein suchsubstituent 

20 is one or more independently selected from the group consisting of hatogen(s), -CF 3 , -CN, Y, phenyl and phenoxy; 

wherein phenyl or phenoxy is optionally substituted with one or more substiluents selected from the group con- 
sisting ol halogen, -CN, C^-alkyl, C^-alkoxy, -OCF 3 , -CF^ -CONH 2 and -CSNH 2 ; or 

R4 is substituted C r C 4 alkyl wherein the substituent is selected from the group consisting of -CN, -OCF 3 , - 
25 CF 3 , -CONH 2 and -CSNH^ 

R is phenyl which is substituted with -CN, -OCF 3 . -CONH 2 or -CSNH 2 ;or 
R is -OR^Y, -SR5Y, OR s -Z-Y, -SR S ZY, -O-RS-Z-R 4 or -S-RS-Z-R 4 ; or 

R is benzyloxycarbonyl, each of which is optionally substituted wiih halogen, -CN, C^-alkyl, C^-alkoxy, - 
OCF 3 , -CF 3 , -CONH 2 or -CSNH 2 . 

30 

11. A compound as claimed in any one of Claims 1 to 10 wherein — is a double bond, or p is 0, or G is selected from 
the group consisting of het-1, het-2, het-3 wherein n, m : p are each 0 or 1; het-4; het-5, het-6 wherein n, m, p 
are each 0 or 1 ; and het-7 wherein m, q are each 0 or 1 . 

35 12. A compound as claimed in any one of Claims 1 to 11 wherein G is an azacyclic ring system. 

13. A compound as claimed in any one of Claims 1 to 12 wherein G is an azabicyclic ring system having less than 7 
or more than 11 ring carbon atoms. 

40 14. A compound of Claim 1 wherein the compound is selected from the group consisting of 

(±)-3-(2-Methylthioethyl)-4-(1 -azabicycto[2.2.2Ioctyl-3-oxy)-t , 2,5-thiadiazole 

(±)-3-(1 -Azabicycto{2.2.2]octyl-3-oxy)-t ,2,5-thiadiazole 

45 

(±)-3-Hexyl-4-(1-azabicyclot2.2.2loctyl-3-oxy)-1 ,2,5-thiadiazole 
(+)-3-Buty1sulfonyl-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole 
50 (±)-3-Propylsulfonyl-4-(l -azabicyclo{2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole 

(±)-3~(4,4, 4-Trifluorobuty loxy)«4-< 1 -azabicyc lo[2.2. 2]octyl-3-oxy)- 1 s 2,5-th iadiazole 
(±)-3-<2-Butynyloxy)-4-(l «azabicyclc42.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole 

55 

(±)-3-(CycloprcH3ylmethoxyM-(1-a2abicycloI2.2.2]octyl-3-oxy)-1 l 2,5-thiadrazole 
(±)-3-<3-Pheny1propynyloxy)-4-( 1 -azabicyclo[2.2.2loctyl-3-oxy)-1 ,2,5-thradiazole 
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(±)-3- (3-Butenytoxy)-4-(1 -azabicyclo(2.2.2Joctyl-3-oxy)-1 ,2,5-thiadiazole 
(±)-3-(trans-2-Bulenyloxy)-4-(1 -azabicyclo[2.2.2]octyl-3-oxy>-1 ,2,5-thiadiazole 
(±)-3-(cis-2-ButenyloxyM-(1^^^clo(2.2.2]octyl-3-oxy)-1 ! 2 : 5-thiadazole 
(±)-3-(2-Methoxyethoxy)-4-(1-azabbyclo[2.2.2]oc^ 

(±)-3-<2-Phenoxyethoxy}-4-(1 -azabk:yclo[2.2.2]octyt-3-oxy)-1 ,2,5-thiadiazole 
(±)-3-(3-Butynoxy>-4-(1 -azabicyclo[2.2.2}octyl-3*oxy)-1 ,2,5-thiadiazole 
(±)-3-(2-Cyclopropylethoxy)-4-(l-azabicyc^ 
(±)-3-(2-(Methyimio)ethoxy)-4-^ 
(±)-3-(3-Chloropropoxy)-4-(1-azabic^cto^^ 

(±)-3-(4-Fluorobutyloxy)^-(1«abicyclo[2.2.2]cctyl-3-oxy)-1,2,5-thiadiazole 
(±)-3-(2-[4-Chlorophenoxy]etooxy)-4-(1-aza^^ 
(±)-3-(3^2-methoxy-5-pyridyl]prc>pyto^ 
(±)-3-(trans-3-Chtoro-2ixopenylo^ 

(+)-3-(2-[4-FliJorophenoxy]ethoxyl-4-(1 -azabicyclo[2.2.2]octy1-3-oxy) -1 ,2,5-thiadiazole 
(±)-3-(4-Pentenyloxy)-4-(1-azabicyclol2.2.2]octyl-3-oxy)-1.2 > 5-lhiadiazore 
(±)-3-(3-Fluoropropyloxy ) -4-( 1 -azabicyclo[2. 2. 2]octyl-3oxy )-1 ,2, 5-thiadiazole 
(±)-3-(Cyclobuty1methoxy)-4-(1-azabicyclo[2.2.2Ioctyl-3-oxy)-1 ,2,5-thiadiazole 
(±)-3-<3 1 3,3,2,2-Pentafluoropropyloxy)-4-{1-azabicyck3l2.2.2]octyl-3HDxy)-^ 
(+)-3-<2-[Phenyimio]ethoxy)-4-(1-azab^ 

(±)-3-(2-[1 -napthy1oxy]ethoxy)-4-(1 -azabicyclo[2.2.2]octyl-3oxy)-1 ,2,5-thiadiazole 
(±)-3-(2-[4-Brc>mophenoxy]emoxy)-4-(1-azab^ 

(±}-3-(2-Hydroxyethoxy)-4-(1-azabicyclo{2.2.2|ocly»-3-oxy)-1 ,2,5-thiadiazole 
3-Butylthio-4-hydroxy-1,2,5-thiadiazole 

(±)Exo-3-Butyfthio-4-(1-azabicydoI2.2.1]heptyl-3-oxy)-1 ,2,5-thiadiazole 

(±)-3-(2-{3-(1 ,2,5-Thiadiazoyloxy)) ethoxy)^-(1 -azabicyc!o(2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole 

(±) -exo-3-Butyloxy-4-(7-azabicycto[2.2.1]heptyl-3-oxy)-1 ,2,5-thiadiazole 

(±)-3-Butyloxy-4-(3-piperidinytoxy)-1,2,5-thiadiazole 

3-Butytoxy-4-(c/s- 7/=?-2-aminocyclopentanoxy)-1 ,2,5-thiadiazole 

(±)-endo-3-Hexytoxy-4-(1-azabjcyclo[3.2.1]octyl-6-oxy)-1 ,2,5-thiadiazole 
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(SSSS^erxfo^-Butytthio^-O-az^^ 

(5R, 6R) -erKfo-3-ButyKhio-4-(1 -azabicyclo[3.2.1 Joctyl-6-oxy)-1 ,2.5-thiadiazole 
(±)-(rar7S-3-Butylthio-4-(1 ^azabicyclo[4. 3.0)nonyl-5-oxy)-1 ,2,5-thiadiazole 
(±)-cte-3-Butylthio-4-( 1 -azabicyclo[4.3.0]nonyl-5-oxy)- 1 ,2 : 5-thiadiazole 
(±)-£rans-3-Butylthio-4-(2<iimethyJami^ 
3-Butylthio-4-(2-dtmethylarninoethoxy)*1 ,2, 5-thiadiazote 
(±)-trans-3-8utylthio-4-(N-tert-butylcarbox^ 

(±)-frans-3-Butylthio-4-(4-hydroxy-pyrollidin -3-oxy)-l .2. 5-thiadiazole 
(±)-encto-3-Butyloxy-4-{1 -azabicyclo{3.2. 1 ]oclyl-6-oxy)-1 ,2,5-thiadiazole 
(±}-3- (4-Phenylbutylthio)-4-{1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole 
(±)-3-(3-Ph eny l-2-propeny Ith io) -4-( 1 -azabicyclo(2. 2. 2]octy l-3-oxy )- 1 ,2,5-thiadiazole 
<±)-3-(344- F liKXC>pheny l]propan -3<^ 
(+)-3-(3-[N-FHienothiazinylJpropylthro)-4-(^^ 

(±)-3-(3-[4-Fluorophenyl]-3-[4-f luorophenoxy Jpropy lthio)-4-( 1 -azabicyclo[2.2. 2]octy l-3-oxy>- 1 , 2 ,5-thiadiazole 

(±)-3-(3-Phenyl-3-[4-trifluoromethylphenox 

(±)-3-(4,4,4-TrifluorobutyllhioM-( 1 -azabi^ 

(±)-3-(3-{3-PyridylJpropytthio)-4-(1 -azabicyclo[2.2.2joctyl-3-oxy)-1 ,2,5-thiadiazole 
(±)-encfo-3-(2-Phenoxyethylthio)-4-(1 -azabicyclo{3.2. 1 ] octyl-6-oxy)-1 ,2,5-thiadiazole 
(±)- ©XCK3-P rcwthio-4- (2-methoxy<^ 
(±)-exo-3-Propylsutfonyl-4-(2-rTiethoxycaito 
(±)-exo-3-(4,4,4-TrifluorobutyloxyM-(2-methoxyeato^ 
(±)-exc^3-(4,4,4-Trifluorobutytoxy)-4-(2-azab^ 
(±)-0xo-3-(Hexyloxy)-4-(2-azabicyclo[2.2.2]octyl-6-oxy)-l ,2,5-thiadiazole 
(±)-endo-3-{4,4,4-Trifluorobutytoxy)-4-{2-a^ 

(±)- exo-3- (2-[FluorophenoxyJethy Ith iol -4- (2-methoxycarbony l-2-azab icyc lo[2.2.2]octyl-6-oxy)-1 ,2,5-thiadia- 
zole 

(±)-exo-3- (2-[Fluorophenoxy)ethy Ith io)-4-<2-azabicyclo{2. 2.2]octy l-6-oxy )- 1,2, 5-thiadiazole 
{±)-entfo-3-Propylthio-4-(1 -azabicyclo[3.2-1 joctyl-6-oxy 1-1 ,2,5-thiadiazole 
(±)-endo-3-PropylsuHonyM-(1 -azabicyclo[3.2J ]octyl-6«oxy)-1 ,2,5-thiadiazole 
(±)-enrfo-3-(4,4 ( 4-Trifluorobutoxyl-4-(1 -azabicyclo(3.2. 1 ]octyl-6-oxy)-1 ,2,5-thiadiazole 
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(±)-enrf(>3-(2-Butynyloxy)-4-(1-azabicyclo{3.2.1]octyf-6-oxy)-1,2,5-lhiadiazo!e 
(±)-end>3-(trans-2-Butenytoxy)-4-(1-az 

(±)-entfo-3-(2-Methylthioethoxy)-4-(1 -azabicyclo[3.2.1 ]octyl-6-oxy>-1 ,2,5-thiadiazole 
(±)-endo-3-(2-(4-MethyM ,3-thiazol-5-yl)ethoxy)-4-(1 -azabicyclo[3.2. 1 ]octyl-6-oxy)-1 ,2,5-thiadiazole 
(±)~endO'3~ (4-Methylthiobenzy1oxy)-4-(1 -azabicyclo[3.2.1}octyl-6-oxy)-1 .2.5-thiadiazoJe 
(±)-erKfc^3-(2-Thienylmethoxy)-4-(1-azabi^^ 

(±)-e7x/o-3-(2-Cyclohexenyloxy)-4-(1 -azabicyctoI&2.1 ]octyl-6-oxy)-1 ,2,5-thiadiazofe 

(±)-endo-3-(3-Pentyny1oxy)-4-(i -azabicyclof 3.2. 1 ]octyl-6-oxy)-l ,2,5-thiadiazole 

(±)-encfc^3-{3-Hexynyloxy^ 

(±)-endch3-(3-Chloropropoxy)-4-(1-azabicy^^ 

(±)-ertfo-3-[2-(2-Napthalyl)ethoxy]-4-<1-azabi^^^ 

(±)-©rKyo-3-(4-chlofoa-cyctopropyl-benzyloxy)-4-{1 -azabicyclo{3.2.1 ]octyl-6-oxy)-1 ,2,5-thiadiazole 
(±)-endo-3-(4-Methyl-3-pentenyloxy)-4-(1 -azabicyclo{3.2.1 }octyl-6-oxy)-1 ,2,5-thiadiazole 
(+)-enc/o-3-(cis-2-Butenyloxy)-4-(1 -azabicyclo|3.2. 1 ]octyl-6-oxy)-1 ,2,5-thiadiazole 
(±)- end o-3- (Cyclopropy Imethoxy )-4-( 1 -azab tcyc lo(3. 2. 1 ]octy f-6-oxy )- 1 ,2, 5-th iadazole 
(±) -enrfo-3-(2-Methoxyethoxy)-4-(1-azab^ 

(±)-encfo-3-(3-Buteriyloxy)-4-(l -azabicycloJ3.2 1 ]octy»-6-oxy)-1 ,2,5-thiadiazole 

(±) -endo-3- (2-cyclopropylethoxy)-4-{1 -azabicyclof 3. 2. 1 ]octyl-6-oxy)-1 ,2,5-thiadiazole 

<i;-endo-3-(3-Butynyloxy)-4-(l -azabicyclo[3.2. 1 ]octyt-6-oxy)- 1 . 2,5-thiadiazole 

^-erK/o-S-^^^as^^-HeptafluorobutoxyJ^-CI -azabicyclo[3.2. 1loctyl-6-oxy)-1 ,2,5-thiadiazole 

(±)-endo-3- [2-(3-Tri11 uoromethy1phenyl)ethoxy|-4-(1 -azabicyclo[3.2.1 |octyl-6-oxy)-1 ,2,5-thiadiazole 

(±)-erK/c^3-[2-(2-Thienyl)ethoxy]^ 

(±)-enc/b-3-<3,3,3,2,2,Pentafluor^^ 

(±) -endo-3-(2-Phenoxyethoxy -azab^ 

(±)-er?do-3-(4-n-Butylbenzyloxy)-4-(1^^ 

(±)-encto-3- [3- (4-Methoxyphenyl)propoxy|-4-(1 -azabicyclo[3.2.1]octyl-6-oxy)-1 ,2,5-thiadiazole 
(±) -enrfo-3-(4-FlLK>r obenzy loxy)-4-( 1 -azab icyclo[3.2. 1 Joctyi-6-oxyH ,2,5-thiadiazole 
(±)-enrfo-3-(2,4-Difluorobenzy toxy)-4-(1 -azabicyclo[3.2. 1 ]octyl-6-oxy)-1 ,2,5-thiadrazole 
(±)-e/i£yo-3-[4-(Trifluoromethoxy)benzyloxyJ-4-{l -azabicyclo(3.2. 1 joctyl-6-oxy 1-1 ,2,5-thiadiazole 
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(±)-endo3«(4-Fluorobutoxy)-4-(1 -azabicyclo[3.2. 1 ]octyl-6«oxy)-1 ,2,5-thiadiazole 

(±)^nrfo-3-(4-terf-ButyfoenzyloxyM^ 

(±)^ncfo-3-(1-Cyclopropylethoxy)-4-(1-azabic^ 

(±)-enrfo3-(2-Cyclohexylethoxy)-4-<1 -azabtcyclo[3.2- 1 ]ociyl-6-oxy)-1 ,2,5-thiadiazole 
<±)^nrfo-3-(3-Methyl-2^utenyloxyM-P-^ab^^ 

(±) -encfo-3-(4-Cyclohexy Ibutoxy )-4-< 1 -azabicyc lo[3. 2. 1 Jocty l-6-oxy)- 1 ,2, 5-th iadiazole 
(±)-encto-3-(3-Butyn-2-oxy)-4-(1 -azabicyclo{3.2.1 ]octyl-6-oxy)-1 ,2,5-thiadiazole 
(±)-enc/<>3-(3-Methyl-3-phenylbutoxyl-4-(1 -azabicyclo[3.2 . 1 ]octyl-6-oxy)-1 ,2,5-thiadiazole 
(±)-encfc>-3-(3-Fluoropropoxy)-4-(1 -azabrcycto(3.2.1 ]octyl-6-oxy)-1 ,2,5-thiadiazole 
(±) -er?cfc>-3-[3-(2-Th ienyl)propoxy]-4-( 1 -azabicyclo[3. 2 . 1 ]octyl-6-oxy)- 1 ,2, 5-thiadiazole 
(±)-3-(2-[4-Fluorophenoxy]ethylthio)-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)- 1 ,2,5-thiadiazole 
(±)-3-(2-Memylthioethyl)-4-(1-azabicyclo[2.2.2]octyl-3-oxy)-1,2,5-thiadiazole 
(±)-3-(1-Azabicyclo[2.2.2] octyl-3-oxy)-1 ,2,5-thiadiazole 
(±)-3-Hexyl-4-(1 -azabicyclo[2.2.2]octyl-3-oxy)-1 ,2,5-thiadiazole 
3-Butylthk>-4-hydroxy-1 . 2 : 5-th iadiazole 

(±)-3-(2-[3~{1 ,2,5-Thiadiazoyloxy}]ethoxyl-4-{1 -azabicyclo[2.2.2]octyl-3-oxy)-l ,2,5-thiadiazole 
(±)£*c-3-Biitylthio-4-(1-azabicyc^ 

15. A compound as claimed in any one of Claims 1 to 14 which is exo. 

16. A compound as claimed in any one of Claims 1 to 15 which is endo. 

17. A compound as claimed in any one of Claims 1 to 16 wherein G is a 2-aza-2.2.2 azabicyclic substituent. 

18. A compound as claimed in any one of Claims 1 to 17 wherein G is a 2.2.1 azabicyclic substituent. 

19. A compound as claimed in any one of Claims 1 to 18 wherein G is optionally substituted cycloalkyl NRSR 7 wherein 
R 1 and R 2 is not hydroxy. 

20. A compound as claimed in any one of Claims 1 to 19 wherein R 1 and R 2 are not hydroxy. 

21. A process for preparing a compound according to Claim 1, comprising reacting a compound of formula III 
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* (III) 

wherein P is R 9 S0 2 or halogen; R 9 is straight or branched chain alkyl or aryl; 

R is selected from the group consisting of hydrogen, amino, halogen, NHR 6 , NR 6 R 7 , R 4 -OR 4 , -SR 4 , -SOR 4 
-SOgR 4 , C^-jQ-cycloalkyl, C4„ l2 -(cyclc^lkylalxyl) > -Z-C3_ 10 -cycloalkyl and -Z-C4_ 12 -(cycloalkyla[kyl); 
R 4 is C 1 _ lS -alkyl, C 2 _ 15 -alkenyl, C 2 _ 15 -alkynyl, each of which is optionally substituted with one or more inde- 
pendently selected from the group consisting of halogen(s), -CF 3 , -CN, Y, phenyl and phenoxy wherein phenyl 
or phenoxy is optionally substituted with one or more independently selected from the group consisting of 
halogen, -CN, C^-alkyl, C^-aEkoxy, -OCF 3 , -CF 3 , -CONH 2 or-CSNH 2 ; or 

R is phenyl or benzyloxycarbonyl, each ol which is optionally substituted with one or more selected from the 

group consisting of halogen, -CN, C 1-4 -alkyl, C^-alkoxy, -OCF 3 , -CF 3 , -CONH 2 or -CSNH 2 ; or 

R is selected from the group consisting of -OR 5 Y, -SR 5 Y, OR s -Z-Y. -SR 5 ZY, -O-RS-Z-R 4 and -S-RS-Z-R 4 

wherein Z is oxygen or sulphur, R 5 is selected from the group consisting of C-|_ 15 -alkyl, C 2 _ 1s -alkenyl, and 

C 2 _ 15 -alkynyl: 

Y is a 5 or 6 membered heterocyclic group; 

with G-(CH 2 ),-W--h + wherein h + is an alkoxide metal; W is oxygen or sulphur; 
G is selected from one of the following azacyclic or azabicyclic ring systems; or 




het-5 hat-S het-7 



G is substituted C 3 -C 8 cycloalkyl or substituted C^-alkyl wherein the substitution is -NR 6 R 7 ; 

R 6 and R 7 independently are selected from the group consisting of hydrogen and C^-alkyl; or R 6 and R 7 

together with the nitrogen atom optionally form a 4- to 6-member group; 

wherein the -(CH 2 ) r -W-thiadiazole group can be attached at any carbon atom of the azacyclic or azabicyclic 
group; 

R 1 and R 2 may be present at any position, including the point of attachment of the -(CH 2 ) r -W-thiadiazole ring, 
and independently are selected from the group consisting of hydrogen, straight or branched C 1 _ 15 -alkyl, 
straight or branched C 2 _ 5 -alkenyl, straight or branched C 2 _ 5 -alkynyl, straight or branched C^Q-alkoxy, 
straight or branched Chalky! substituted with one or more substituents selected from the group consisting 
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o! -OH, -COR 6 ', CH 2 -OH, halogen, -NHg, carboxy which is attached through the carbon or oxygen atom, and 
phenyl; 

R 3 is selected from the group consisting of hydrogen, straight or branched C^-alkyl straight or branched 

C 2 _5-alkenyl and straight or branched C^-alkynyl; 

R 6 ' is hydrogen, C^-alkyl; 

n is 0, 1 or 2; 

m is 0, 1 or 2; 

p is 0, 1 or 2; 

q is 1 or 2; 

r is 0, 1 or 2; and 

is a single or double bond. 

22. A compound of formula IV 



wherein R 15 and R 16 are independently selected from the group consisting of hydrogen, R 10 R 11 R 12 Si, and 
Ri3Ri4Ri&si; R is selected from the group consisting of hydrogen, amino, halogen, NHR 6 , NRPR 7 , R 4 , -OR 4 , 
-SR 4 , -SOR 4 -SOgR 4 C3_ 10 -cycloalkyi, ^^-(cycloalkylalkyl), -Z-C3_ 10 -cycloalkyl and 
-Z-C^g-tcycloalkylalkyl) wherein R 4 is selected from the group consisting of C 1 _ 15 -alkyl, C 2 _ 15 -alkenyl, and 
C 2 _ 15 -alkynyl, each of which is optionally substituted with one or more independently selected from the group 
consisting of hatogen{s), -CF 3 , -CN, Y, phenyl and phenoxy wherein phenyl or phenoxy is optionally substituted 
with one or more selected from the group consisting of halogen, -CN, C 1 _ 4 -alkyl ! C^-alkoxy, -OCF 3 , -CF 3j 
-CONH 2 and -CSNH 2 ; or R is phenyl or benzyloxycarbonyl, each of which is optionaJly substituted with one 
or more selected from the group consisting of halogen, -CN. C^-alkyi, C^-alkoxy, -OCF 3 , -CF 3 , -CONH 2 
and -CSNH 2 ; or 

R is selected from the group consisting of -OR 5 Y, -SR 5 Y, OR 5 -Z-Y, -SR 5 ZY, -O-RS-Z-R 4 and -S-RS-Z-R 4 
wherein Z is oxygen or sulphur, R s is selected from the group consisting of C^s-alkyl, C 2 _ 15 -alkenyl, and 
C 2 _i5-alkynyl 1 and Y is a 5 or 6 membered heterocyclic group; 

provided that when R is hydrogen, amine, or halogen, then R 1 6 shall be selected from the group consisting of 
(RtORiiRi2Si) and (R 13 R 14 R 1 5'&). 

23. A compound of Claim 22 wherein R 15 and R 16 are independently selected from the group consisting of 
(R 10 R"R 12 Si) and (R l3 R 14 R 15 'Si). 

24. A process for preparing compounds of the formula IV 




IV 




IV 



comprising reacting a compound of 1he formula III wherein P is CI 
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with F^NKR^R 11 R 12 Si) (R 13 R 14 R 15 Si) wherein R 8 is selected from the group consisting of Li, Na, or K; R 10 , 
R 11 , R 12 R 13 , R 14 and R 15 ' are independently selected from the group consisting of (Ci-CeJ-alkyI, aryl, and 
arylfC^-CsJalkyl; R 15 and R 16 are independently selected from the group consisting of hydrogen, R 10 R 11 R 12 Si, 

15 andR 13 R 14 R 15 'Si; Si is silyl; 

R 15 and R 16 are independently selected from the group consisting of hydrogen, (R 10 R 11 R 12 Si) and 
(R 13 R 14 R 15 'Si); and R is selected from the group consisting of hydrogen, amino, halogen, NHR 6 , NR € R 7 , R 4 , 
-OR 4 -SR 4 -SOR 4 , -SC^R 4 C3_ 10 -cycloalkyl : C^^cycloalkylalkyl), -Z-C^o^cycloalkyl and -Z-0^ 2 ' 
(cycloalkylalkyl) wherein R 4 is selected from the group consisting of C^g-alkyl, C 2 _ 15 -alkenyl C 2 _ 15 -alkynyl, 

20 each of which is optionally substituted with one or more independently selected from the group consisting of 

halogen (s), -CF 3 , -CN, Y s phenyl and phenoxy wherein phenyl or phenoxy is optional ty substituted with one 
or more selected from the group consisting of halogen, -CN, C 1 _ 4 -alky1, C^-alkoxy -OCF 3 , -CF 3 , -CONH 2 
and -CSNH^ or R is phenyl or benzyloxycarbonyl, each of which is optionally substituted with one or more 
selected from the group consisting of halogen, -CN, C 1-4 -alkyl, C^alkoxy, -OCF 3 , -CF^ -CONH 2 and-CSNH 2 ; 

25 or 

R is selected from the group consisting of -OR 8 Y, -SR 8 Y, OR 8 -Z-Y, -SR«ZY, -OR 5 -Z-R 4 and -S-R&-Z-R 4 
wherein Z is oxygen or sulphur, R 5 is selected from the group consisting of C^g-alkyl, C 2 _ is -alkenyl, C 2 _ 15 - 
alkynyl, and Y is a 5 or 6 membered heterocyclic group; 

30 25. A process of Claim 24 wherein R 15 and R 16 are selected from the group consisting of (R 10 R 11 R 12 Si) and 
(R 13 R 14 R 1B, Si). 



26. A compound of formula V 




wherein W is selected from the group consisting of O, S and S0 2 ; 

R 17 is selected from the group consisting of C r C 6 alky I . aryl, R 19 substituted alky I, and R 19 substituted aryl; 
R 19 is selected from the group consisting of straight or branched C,-C 8 alkyl, straight or branched C 2 -C 6 
alkenyl, halogen, halogen{C 1 -C 6 )alkyl, hak>gen(C 2 -C 6 )alkenyl, COR 20 , C 2 -C 10 alkanoyl, C0 2 R 20 , 
alxyl) 2 amino, N0 2 , SR 20 , OR 20 , C 3 -C 8 cycloalkyl, C 3 -C a cycloalkyl-(C 1 -C 3 )alkyl, C 5 -C 8 cycloalkenyl, substi- 
tuted C 5 -C 8 cycloalkenyl. C s -C 8 cycloalkenyl-fC, -C 3 )alkyl, and C 7 -C 16 arylalkyl; R 20 is independently selected 
from the group consisting of hydrogen, and C r C 4 alkyl; wherein the R 19 substituent may be attached at any 
available carbon atom; R 18 is R 4 S0 2 CI, Br or I; 

R 4 is selected from the group consisting of C 1 - 15 -alkyl, C 2 _ 15 -alkenyl, and C 2 _ 15 -alkynyl, each of which is 

optionally substituted with one or more independently selected from the group consisting of halogen(s), -CF 3 , 

-CN, Y, phenyl and phenoxy wherein phenyl or phenoxy is optionally substituted with one or more selected 

from the group consisting of halogen, -CN, C-j^-alkyl, C^-alkoxy, -OCF 3 , -CF 3 , -CONH 2 and -CSNH 2 ; 

provided that when W is O; and R is C,-^ alkyl or aryl; 

then R 18 is selected from R 4 S0 2 , Br and I; or 

a pharmaceutically acceptable salt or solvate thereof. 
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27. A compound of Claim 26 wherein W is S or SO^. 

28. A compound as claimed in any one of Claims 26 or Claim 27 wherein R 17 is selected from the group consisting 
ol C 1 -C 6 alkyl and R 19 substituted alkyl. 

5 

29. A compound of Claim 26 which is selected from the group consisting of: 

3-Chloro-4-butytthio-1,2,5-thiadia2ole t 

3-Chloro-4-ethylthio-1 ,2,5-thiadiazole, 
10 3-Chloro-4-(1 -propylthio)-1 ,2,5-thiadiazole, 

3-Bromo-4-butyithio-1 ,2,5-thiadiazole, 

3-lodo-4-butylthio-1 ,2,5-thiadiazole, 

3-Chloro-4-ethylsulfonyl-1 ,2,5-thiadiazole, 

3-Ch loro-4-buty Isulfony 1-1 : 2, 5-th iadrazole, 
is 3-Methyoxy-4-methanesulfonyl-1 ,2,5-thiadiazole; 

3-Ethoxy-4-methanesulfonyM ,2,5-thiadiazole; 

3-methylpentyJoxy-4-methanesulfonyl-1 ( 2 : 5-thiadiazole; 

3-propyloxy-4-methanesulfonyl-1,2,5-thiadiazole; 

3-butyloxy-4-methanesulfonyl-1,2,5-thiadiazole; 
20 3-pentyloxy-4-methanesulfonyl-1 ,2,5-thiadiazole; 

3-hexyloxy ^-methanes u If c*iy 1-1 ,2,5-thiadiazole; 

3-Chloro-4«p ropy Is ulfony 1-1 ,2,5-thiadiazole, 

3-Chloro-4-methylsutfonyl-1,2,5-thiadiazole, 

3-Chloro-4-penly Isulfonyl- 1 ,2,5-thiadiazole, 
2S 3-Chloro-4-ethylsulfonyl-1 ; 2,5-thiadiazo!e, and 

3-Chloro-4-(4-me1hyipentylsulfonyl)-1, 2,5-th iadiazole. 

30. A compound of Claim 29 wherein the compound is selected from the group consisting of 

30 3-Chloro-4-butylthio-1 ,2,5-thiadiazole, 

3-Chloro-4-ethylthto-1 ,2,5-thiadiazole, 

3-Chloro-4-(1-propyimio)-1 ,2,5-thiadiazole, 

3-Bromo-4-butyithio-1 ,2,5-thiadiazole, 

3-todo-4-butytthio-1 ,2,5-thiadiazole, 
35 3-Chloro-4-ethylsulfonyl-1 : 2,5-thiadiazole, 

3-Chloro-4-butylsulfonyl-1 : 2,5-thiadiazote, 

31. A process for preparing compounds of formulas II and HI, 
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wherein P is R 9 S0 2 or halogen; R 9 is C|_g straight or branched chain alkyl or aryl; 
W is oxygen or sulphur; 

R is selected from the group consisting of hydrogen, amino, halogen, NHR 6 , NF^R 7 , R 4 -OR 4 , -SR 4 , -SOR 4 , 
-SO2R 4 , C3_ 10 -cyc»oalkyl ( C^^cycloalkylalkyl), -Z-C^o-cycloalkyl and -Z-C4_ 12 -(cycloalkylalky1) wherein 
R 4 is selected from the group consisting of C^g-atkyl C^g-alkenyl, C 2 _ 15 -alkynyl, each of which is optionally 
substituted with one or more independently selected from the group consisting of halogen(s), -CF 3 , -CN, Y, 
phenyl and phenoxy wherein phenyl or phenoxy is optionally substituted with one or more substituents selected 
from the group consisting of halogen, -CN, C n _4-alky1. C^-alkoxy, -OCF 3 , -CF 3 , -CONH 2 and 
-CSNH 2 ; or 

R is phenyl or benzyloxycarbonyl, each of which is optionally substituted with halogen, -CN, C^-alkyl, C,^- 
atkoxy, -OCF 3 , -CF 3 , -CONH 2 or -CSNH 2 ; or 

R is -OR 5 Y, -SR 5 Y, OR5-Z-Y, -SR 5 ZY, -Z-RS-Z-R 4 or -S~R 5 -Z-R 4 wherein Z is oxygen or sulphur, R 5 is C A _ A5 - 
alkyl, C 2 - 15 -alkeny!, C^s-alkynyl and Y is a 5 or 6 membered heterocyclic group; and 
G is selected from one of the following azacyclic or azabicyclic ring systems: 



or G can optionally be substituted C 3 -C 8 cycloalkyl or optionally substituted C^g-aJkyl wherein the substitution 
is -NR 5 R 7 '; 

R 6 and R 7 independently are selected from the group consisting of hydrogen, C^g-alkyl, or R 6 and R 7 together 
with the nitrogen atom optionally form a 4- to S-member group; 

R 1 and R 2 independently are selected from the group consisting of hydrogen, C 1 _ l5 -alkyl, C 2 _5-alkenyl, C 2 _ 5 - 

alkynyl, C^Q-alkoxy C^-alkyl substituted with -OH, -COR 6 \ CH 2 -OH, halogen, -NH 2) carboxy, and phenyl; 

R 3 is selected from the group consisting of hydrogen, C^-alkyl, C^-alkenyl or C 2 _ 5 -alkynyI; 

R 6 ' is hydrogen or C^-alkyl; 

n is 0, 1 or 2; 

m is 0, 1 or 2; 

p is 0, 1 or 2; 

q is 1 or 2: 

r is 0, 1 or 2; 

is a single or double bond; comprising 

a) reacting (CN) 2 with a compound selected from the group consisting of R^-V-H and GfCH^-W-H, 
wherein V is O or S; and 

b) reacting with S 2 CI 2 . 

32. A pharmaceutical formulation comprising as an active ingredient, a compound as claimed in anyone of Claims 1 
to 20 associated with one or more pharmaceutical^ acceptable carriers or diluents therefor. 
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33. A compound as claimed in any one of Claims 1 to 20 for use in treating a condition associated with the modulation 
of a muscarinic cholinergic receptor. 

34. A compound as claimed in any one of Claims 1 to 20 for use in interacting with a muscarinic cholinergic receptor. 
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